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Abstract 
 
Intensive anthropogenic exploration of surface waters has lead to the significant contamination of 
fluvial systems in highly industrialized and densely populated regions. Besides municipal discharges, 
industrial point sources make substantial contribution to the pollution of river waters emitting a wide 
range of organic contaminants. Specific character of industrial effluents is represented by high 
contaminant concentration values and their strong fluctuations, as well as by a wide range of chemical 
substances because of the high molecular variety of the types of production activities. Their unique 
appearance within a spatially defined river section receiving wastewater discharge from a particular 
industrial source allows detection of compounds that can be characteristic for a certain industrial 
branch or production process.  
Despite large amount of studies performed on the characterization of industrial effluents from various 
industrial branches, there is a gap in information on the specificity of contaminants in terms of their 
molecular structure. At the same time, the detailed study of the distribution and fate of organic 
pollutants in the surface waters with their attribution to a specific point source is necessary. Based on 
detailed GC-MS analyses, the molecular diversity of industrial effluents, particularly, from petroleum 
refinery and oil production, chemical manufacturing, paper and food production sites, and a power 
station, discharged to the rivers in North Rhine-Westphalia was characterized in order to determine 
specific industrial markers and so far unknown environmental contaminants.  
Identification and quantification of potential industrial indicators, which are characteristic for certain 
industrial branches or production processes, e.g. petroleum and oil production, chemical 
manufacturing, and paper processing sites), has been performed. A number of environmentally 
relevant and structurally specific substances were identified. The determination of the distribution of 
organic constituents within industrial plants is important for the evaluation of a potential 
anthropogenic impact of industrial discharges resulted from occasional releases of pollutants during 
industrial accidents. Due to the lack of ecotoxicological data for many wastewater constituents the 
environmental effects of industrial emissions are often unpredictable. 
Non-target screening of raw and treated wastewaters allowed the identification of new environmental 
contaminants that have never been detected in the industrial wastewaters and compounds for which the 
information on their industrial application and ecotoxicological effects is limited. 
Monitoring of the environmental distribution of certain environmentally relevant and newly described 
pollutants in the contaminated river systems allowed the identification of several industrial site-
specific markers. 
The approach proposed in this study goes beyond the scope of the standard environmental regulation 
procedures and is important for efficient source identification in polluted aquatic systems and better 
evaluation of possible environmental impact of anthropogenic emissions. 
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Zusammenfassung 
 
Die intensive anthropogene Nutzung von Fließgewässern hat zu einer massiven stofflichen Belastung 
in dicht besiedelten und industrialisierten Gebieten geführt. Neben kommunalen Emissionen tragen 
niedermolekulare organische Schadstoffe aus industriellen Abwassereinleitungen ebenfalls erheblich 
zur Belastung der Fließgewässer bei. Die Inhaltsstoffe solcher Einleitungen können je nach Art der 
ablaufenden Produktionsprozesse im Hinblick auf ihre chemischen Eigenschaften und Strukturen als 
auch in quantitativer Hinsicht stark unterschiedlich sein. Ihnen gemeinsam ist ihr häufig nur 
einmaliges und räumlich begrenztes Auftreten innerhalb eines Emissionsgebietes, so dass 
charakteristische Schadstoffe für bestimmte Produktionsprozesse nur in Flusssystemen mit den 
entsprechenden ansässigen Betrieben auftreten. Charakteristisch sind zugleich auch die häufig hohen 
aber stark schwankenden Konzentrationen und das aufgrund der verschiedenartigen industriellen 
Syntheseverfahren vergesellschaftete Auftreten einer Vielzahl an chemischen Verbindungen.  
Generell sind Industrieemissionen aus umweltanalytischer Sicht jedoch nicht ausreichend auf 
molekularer Ebene charakterisiert. Daher gibt es bisher nur branchenspezifischen Informationen, 
welche organischen Umweltkontaminanten in den korrespondierenden Abwässern und entsprechenden 
Vorflutern zu erwarten sind. Neben dem detaillierten Studium der Verteilung und des Verhaltens von 
organischen Stoffen in Oberflächengewässern, ist auch die Zuordnung der Kontaminanten zu 
bestimmten Emissionsquellen erforderlich. Auf diesem Grund wurden systematische Screening-
Untersuchungen auf Basis detaillierter GC-MS-Analysen an Proben von verschiedenen industriellen 
Direkteinleitungen durchgeführt, mit dem Ziel, sowohl branchenspezifische Indikatorsubstanzen als 
auch bislang unbeachtete Umweltkontaminanten zu identifizieren und zu quantifizieren.  
Viele der umweltrelevanten Kontaminanten und strukturell spezifische Subtanzen wurden in 
Abwässern (u.a. von Papier-, Chemie- und Petrochemie-Industrie) detektiert. Der Nachweis der 
Verteilung der organischen Inhaltstoffe innerhalb einer Industrieanlage ist für die Bewertung des 
anthropogenen Einflusses industrieller Einleitungen wichtig. Einzelne industrielle Emissionen, die 
durch unzureichende Abwasseraufbereitung oder Störfälle entstehen, können auf Grund 
unzureichender ökotoxikologischer Daten zu unerwarteten Wirkungen in der Umwelt zu führen.  
Mehrere industrielle Schadstoffe, die sich durch hohe strukturelle Spezifizität und häufig auch 
anzunehmende Umweltrelevanz auszeichnen, wurden hier erstmalig in ungeklärten und geklärten 
Abwässern nachgewiesen. Zu technischen Anwendungen und ökotoxikologischen Wirkungen dieser 
Verbindungen liegen bisher nur unzureichende Informationen vor.  
Das Monitoring der Verteilung von bestimmten umweltrelevanten und erstmals beschriebenen 
Kontaminanten in den Vorflutern ermöglichte die Identifikation von industriell spezifischen Markern.  
Der in dieser Studie vorgestellte Ansatz des non-target Screenings geht über den Rahmen der 
gesetzlich vorgeschriebenen Prozeduren hinaus. Dieser Ansatz ist notwendig, um effizient 
Kontaminationsquellen in aquatischen Systemen zu identifizieren und eine bessere Beurteilung von 
Umwelteinflüssen durch anthropogene Emissionen zu ermöglichen.   
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1  Introduction 
 
1 Introduction 
 
1.1.  Anthropogenic impact on fluvial systems  
Anthropogenic impact on the water environment is defined as “a cumulative manifestation of all kinds 
of human activity which causes obvious and/or hidden disturbances in the natural structure and 
functions of water biotic communities, anomalies in their habitats, changes in the hydrology and 
geomorphology of water bodies, diminishing their fisheries and recreational value, and other negative 
effects of ecological, economic, or socioeconomic nature” (Patin, 1999). Intensive anthropogenic 
exploration of surface waters, which represent a consequence of various human activities, such as 
urbanization, construction of river ports and harbors, shipping, development of natural resources, 
recreation, etc., has lead to the significant contamination of fluvial systems in highly industrialized and 
densely populated regions like North Rhine-Westphalia (Germany).  
Two main ways of anthropogenic contribution to the contamination of surface water and sediment can 
be distinguished among the diversity of human activities: (i) direct emissions of liquid effluents and 
solid wastes into the rivers (industrial and municipal discharges, harbor activities, etc.) and (ii) indirect 
contamination by surface runoff, erosion or leaching of soils, atmospheric fallout of pollutants 
transferred by the air mass onto the water surface. Indirect contamination is introduced to the aquatic 
environment by various anthropogenic activities, such as fishery and agriculture activities, production, 
refining or use of petroleum products (Schwarzbauer et al., 2001; Heim et al., 2004).  
The contamination from municipal discharges has been investigated to the large extent and the 
environmental behavior of a wide range of environmental pollutants including pharmaceuticals 
(Heberer & Stan, 1998; Ternes, 1998; Farre et al., 2001; Larsson et al., 2007; Boillot et al., 2008; 
Quinn at al., 2008; Zhang et al., 2008), constituents of personal care products (Dsikowitzky et al., 
2002; Bester et al., 2004), polymer additives, such as flame retardants, plasticizes, etc (Kuch et al., 
2001; Meyer & Bester, 2004), and detergents (Schwuger, 1996) in surface waters has been described 
in detail. 
Industrial discharges of organic contaminants by various point sources make significant contribution 
to the pollution of river waters. The constituents in industrial effluents can represent a high diversity 
with respect to their physical and chemical properties and molecular structures as well as 
concentration levels. Their unique appearance within a spatially defined river section receiving 
wastewater discharge from a particular industrial source allows detection of compounds that can be 
characteristic for a certain industrial branch or production process. Specific character of industrial 
effluents can be represented also by high contaminant concentration values and their strong 
fluctuations, and a wide range of chemical substances because of the high molecular variety of the 
types of production activities.  
Organic pollution from industrial point sources takes a significant part in the overall anthropogenic 
impact to the natural ecosystems due to their persistence, bioaccumulation potential and significant 
adverse effects on humans and aquatic organisms. Various studies, performed on the detailed 
description of effluent composition and the determination of various toxic components in the industrial 
effluents discharged to the surface waters, served as an important contribution to the estimation of 
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potential risks to the aquatic environment. Actually, standard environmental monitoring measures 
applied towards industrial wastewater discharges mainly include the estimation of bulk parameters, i.e. 
TOC, AOX, BOD, N, P, heavy metals and selective organic pollutants (chlorinated benzenes, phenols, 
pesticides, brominated organic compounds, estrogens, PAHs, PCBs, phthalates, tensides). 
Furthermore, the ecotoxicological studies (fish, Daphnia, algae growth and luminescent bacteria tests) 
have been performed with the purpose of the evaluation of potential harmful effects of the wastewater 
constituents from various industrial branches to the aquatic organisms. Nevertheless, nowadays there 
is a lack in systematic investigation on the distribution of specific industrial constituents in the surface 
waters with regard to the tracing of emission sources based on the characteristic behavior of the 
discharged compounds in the affected river system. 
 
1.2. Environmental fate of contaminants under natural conditions 
Upon having been emitted to the aquatic environment, the organic pollutants can undergo various 
types of transport or modification/degradation processes referred to as natural attenuation. In 
particular, “depending on the environmental conditions as well as on the chemical properties of the 
contaminants either significant degradation due to microbial activity, or stability over long periods of 
time (years, decades) may be observed” (Vinzelberg, et al., 2005). In general, “natural attenuation 
processes include a variety of physical, chemical, or biological processes that, under favorable 
conditions, act without human intervention to reduce the mass, toxicity, mobility, volume, or 
concentration of contaminants in soil or groundwater. These processes include biodegradation, 
dispersion, dilution, sorption, volatilization, and chemical or biological stabilization, transformation, 
or destruction of contaminants” (U.S. EPA, 1999).  
Biodegradation is one of the important components of natural attenuation. Under certain conditions, 
microorganisms can cause or assist chemical reactions that change the form of the contaminants, and 
consequently, reduce the risk in the ecosystem. Many of the most environmentally significant 
components of petroleum hydrocarbons, such as BTEX (benzene, toluene, ethyl benzene, and xylenes) 
and some PAHs (polynuclear aromatic hydrocarbons), especially those that are most mobile in the 
environment can be degraded by microorganisms under the proper environmental conditions. 
However, compounds like MTBE (a gasoline additive) and other petroleum components may not be 
readily biodegraded and therefore, pose a high environmental threat. Important to notice, that the 
microbial degradation is more effective at low to moderate contaminant concentration. High 
concentrations and very low concentrations of contaminants can promote the stability of compounds in 
the aqueous environment (U.S. EPA, 1999). Depending on Henry constants for some organic 
compounds, their evaporation from surface waters in combination with sunlight degradation can 
significantly contribute the attenuation process. Another factor determining the fate of environmental 
contaminants is the octanol-water partitioning coefficient (KOW), which depends on the water 
solubility and organic carbon adsorption coefficient (KOC) of organic compounds and reflecting their 
hydrophobic properties. Most of organic compounds due to their non-polarity tend to accumulate in 
the sediment/particulate matter phase of the aquatic system (Olsen et al., 1982). Therefore, this process 
can prevent high concentrations of non-polar contaminants in the water phase. Despite many 
environmental factors influencing the behavior and fate of pollutants in aqueous media, the dispersion 
and dilution play a dominant role in the distribution of discharged pollutants in a river system. As the 
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dissolved contaminants move farther away from the source area, the contaminants are dispersed and 
diluted with the water flow to lower and lower concentrations over time. Nevertheless, if extremely 
high loads of persistent environmental contaminants are emitted from pollution sources, even low 
concentrations for some organic pollutants can pose significant danger to the aquatic environment. 
Many of persistent organic pollutants such as organochlorine pesticides and PCBs are considered to 
act as environmental hormones, which disrupt reproductive cycles of humans and wildlife (Colborn 
and Smolen, 1996). Consequently, environmental problems associated with the toxic contaminants 
introduced to the surface waters are of great concern. 
 
1.3. Toxicological characterization of organic constituents in industrial 
effluents  
Due to complex composition of industrial wastewaters, bulk parameters are not sufficient for the 
detailed characterization of the industrial effluents and estimation of the efficiency of wastewater 
treatment. For the determination of toxic and ecotoxic properties of various industrial effluents before 
and after treatment processes, toxicity tests with microorganisms and alga have been performed 
(Gutierrez et al., 2002; Aguayo, et al., 2004; Kungolos 2005 a,b; Ma et al., 2007, Günes et al. 2008), 
which allowed the determination not only of the reduction of harmful effects but also of the toxicity of 
treated effluents towards aquatic organisms. The extensive study of genotoxicity of the effluents from 
42 industrial sites has shown that discharges from paper processing mainly contain water soluble 
genotoxins, where particle-associated genotoxins are released into aquatic environment by these 
emissions from petroleum refineries and aluminum factories (White et al., 1996). Additionally, notable 
ecotoxicological effects in effluents from textile industry have been revealed in mutagenicity tests 
with Salmonella typhimurium (Mathur at al., 2007). The inhibition of algal growth has been induced 
by the wastewaters of an aluminum plating plant and analgesic/anti-inflammatory drug producing 
pharmaceutical plant (Sacan & Balcıoglu, 2006) and by the bleaching and textile effluents from a pulp 
mill (Melo et al., 2006). 
Toxicity measurements of complex contaminant mixtures in industrial effluents allow determination 
of a generic response to all toxic compounds present. Nevertheless, it is necessary to determine the 
constituents that are responsible for a certain toxic effect. Therefore, Hartnik et al. (2007) pointed at 
the importance to integrate toxicological and chemical analyses in order to detect the relevant 
toxicants in a complex sample. To assess complete complex chemical mixtures, toxicity-based 
fractionation combined with full scan GC-MS characterization has been performed (Brack, 2003; 
Hewitt & Marvin, 2005). 
Bioassay-directed fractionation is applied to separate a complex wastewater sample into fractions 
according to the compounds’ chemical properties (Hartnik et al., 2007). The US-EPA promoted this 
approach in ‘‘Methods for Aquatic Toxicity Identification Evaluations’’ (EPA, 1991). “Toxicity 
Identification Evaluations (TIE) follow a standardized procedure for aqueous samples that include 
toxicity characterisation of general groups of compounds, identification of non-polar organic toxicants 
and confirmation of the suspected toxicants” (Hartnik et al., 2007). This method was applied by 
Svenson et al. (1996) for the ecotoxic evaluation of the effluents from pharmaceutical, textile and 
3 
 
1  Introduction 
 
wood processing industries. In an effluent from a pharmaceutical plant a drug precursor (methyl ester 
of acetic acid) and a drug constituent (thiazole derivative) have been determined as dominant toxicants 
in Microtox tests. The main toxicants found in an effluent from a forest product industry were 
presented by unsaturated fatty acids and an unsaturated fatty acid amide. The acute toxicity of a textile 
industry effluent was dominated by unsaturated fatty acids and tridecanols. Toxic polar organic 
compounds have been identified in tannery wastewaters with the use of Vibrio fischeri tests, which 
showed luminescence inhibition of the bacteria (Reemtsma et al., 1999a).  
Tests based on V. fischeri were used for the estimation of the cytotoxicity of several effluents of 
tannery industries in Spain and Sweden and of a German manufacturing plant BASF (Castillo et al., 
2001). Among a number of substances (polyethoxylates, linear alkylbenzene sulfonates (LAS), 
phenols, benzene sulfonates, naphthalene sulfonates), LAS showed a good correlation with the 
observed cytotoxic effects. Other organisms (Daphnia, green alga, luminescent bacteria) have been 
used for determination of acute toxicity of methyl parathion, prometryn, N-phenyl-β-naphthalene 
amine, PAHs, and tributyltin in the sediment sampled in industrially contaminated region (Brack et al., 
1999). Besides that, phenylbenzotriazols found in a river in Japan have revealed mutagenic effects in 
Salmonella typhimurium (Nukaya et al., 1997; Morisawa et al., 2003). These compounds might have 
been formed from azo dyes during industrial processes in dyeing factories, which effluents were 
forwarded to a sewage treatment plant discharging its wastewaters to the river. 
 
1.4. Environmental analytical investigations of wastewaters from various 
industrial branches 
In the last decades the environmental chemical characterization of contaminant composition of 
industrial wastewaters from various production branches, e.g., textile, tannery, paper processing and 
chemicals’ manufacture, has been carried out. Bioaccumulative substances like phthalates, 
morpholine, hydroquinone, nonylphenol, etc. have been identified in the effluents from chemical, 
textile, meat, tannery, and enzyme purification industries that revealed their ecotoxic effects various 
aquatic species (Di Marzio et al., 2005).  
A detailed investigation of the wastewaters of five different textile dye factories has indicated the 
presence of large number of organic substances, such as n-alkanes, terpenes, aliphatic carbonic acids 
as well as volatile organic compounds (chloroform, dichloromethane and trichlorobenzene (Smith, 
1990). Various non-halogenated aromatic hydrocarbons (xylene, toluene, ethylbenzene) have been 
identified with the use of headspace-SPME and GC-MS analyses in the effluents from textile industry 
(López-Grimau et al., 2006). Castillo et al. (1999) reported the occurrence of phenol, nonylphenol 
isomers and various phthalates in the wastewater of a textile industry in Portugal. A number of toxic 
environmental contaminants (chlorinated and brominated anilines, nitro- and dinitroanilines, 
aminoanthraquinone, chloronitrobenzene and dinitrophenol) have been detected in the raw effluents 
from a dye manufacturing palnt in the USA (Games & Hites, 1977). Phenylbenzotriazols have been 
identified at concentrations of up to 75.8 ng/L as specific constituents in the effluents from dye 
processing (Morisawa et al., 2003). The problem arising during the wastewater treatment at dyeing 
facilities lies in insufficient degradation of high organic content using usual microbiological 
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procedures. In particular, the degradation of azo dyes during can lead to the formation of metabolites 
(e.g, 6-acetylamino-3-aminonaphthaline-2-sulfonic acid, N-(3,4-bishydroxymethylphenyl)acetamide, 
aromatic amines and anilines), which can cause more harmful effects to the aquatic environment 
(Pinheiro et al., 2004; Bilgi & Demir, 2005).    
Reemtsma & Jekel (1997) in the extensive studies of raw tannery effluents have pointed at particularly 
high dissolved organic matter content (DOC of 900 mg/L) including a wide range of compounds from 
12 substance groups, such as phenols, indole, cyclohexane, ethoxylate, etc. During aerobic and 
anaerobic treatment the DOC content was considerably reduced and compounds’ concentrations 
decreased substantially. However, even after the treatment the toxic compounds were still detected in 
the wastewaters. Some of them, e.g., benzothiasole, were relatively persistent, others, such as 
dichlorobenzoic acid and tris(2-butoxyethyl)phosphate, were formed during wastewater treatment 
(Reemtsma & Jekel, 1997).   
Test with various aquatic species, particularly algae (Chlorella sp.), protozoa (Vorticella sp.), fish 
(Lepistes sp.) and crustacean (Daphnia magna) allowed determination of toxic and mutagenic effects 
of the effluents from paper industry (Rao et al., 1994; Dayeh et al., 2002; Sponza, 2003). In this case 
mutagenic properties were attributed to the polar components of the wastewaters. Toxic effects of 
tetrachlorobenoquinone, sodium abietate and sodium dehydroabietate detected in the kraft pulping 
effluents have been shown towards young salmon (Das et al., 1969; Leach & Thakore, 1973). 
Mutagenic effects of chlorine bleach were proved to be caused by trichlorohydrofuranone (Holmborn 
et al., 1984). 
A high amount of various organic compounds have been identified by Keith (1976) in treated effluents 
from paper industry, e.g., terpenoids, esters of aliphatic carbonic acids and of resin acids, 
benzaldehyde derivatives as well as veratrole, hexachloroethane, urethane, 2-acetylthiphene, 2-
(methylthio)benzothiazole, and dimethylsulfone. Among them, hexachloroethane and urethane are 
known environmental toxicants. Due to stability of 2-(methylthio)benzothiazole towards wastewater 
treatment, this compound has been detected in the marine environment (Bester et al., 1997). 
Martel et al. (1997) have reported that the constituents in a thermomechanical pulp mill effluent had 
affected the liver metabolism in fish. Among them, juvabione and dehydrojuvabione, originating from 
balsam fir (Abies balsamea) wood, were the compounds responsible for the adverse effects. 
Dehydroabietic acid, a component of wood resins, at a concentration of 20 µg/L has revealed toxic 
effects in rainbow trout (Salmo gairdneri) (Oikari et al., 1981). These effects have been confirmed in 
the other studies describing genotoxic effects in sea bass caused by constituents of pulp and paper 
effluents, i.e. abietic and dehydroabietic acids and 7-isopropyl-1-methylphenanthrene (Gravato & 
Santos, 2002 and 2003). Additionally, tests with methanogenic bacteria showed the toxicity of phenol 
compounds in wood processing wastewaters, which significantly decreased after the treatment process 
(Vidal & Diez, 2005). 
Investigations of the effluents from a chemical manufacturing plant in Thailand specializing in PVC 
production have indicated the high concentration (338 µg/L) of vinyl chloride in the wastewater 
(Brigden et al., 2004). This compound is highly toxic to both humans and animals and is known as a 
human carcinogen. Benzopyron and phenol were the main toxicants for Daphnia magna exposed to 
the wastewaters of a chemical manufacturer in China (Jin et al. 1999). Ecotoxicity of phenolic 
5 
 
1  Introduction 
 
compounds (phenol, cathehol, hydroquinone, etc.) was revealed in raw effluents from a chemical plant 
in Italy with the concentration of 2300 mg/L (Guerra, 2001).       
Many compounds, such as benzothiasole, 2-(methylthio)benzothiazole, endocrine disruptive 
nonylphenol as well as diphenylamine, propyldiphenylamine und dimethylacridane have been 
identified in the wastewaters of tire manufacturing plants (Jungclaus et al., 1976). Diphenylamine is 
toxic to mammals (Rohrbach, 1993) und highly toxic for aquatic organisms (Drzyzga, 2003).  
 
1.5.  Monitoring of industrial contaminants in surface waters 
Despite many studies covering the composition and (eco)toxic effects of industrial wastewaters, there 
is a lack of detailed investigations dedicated to the environmental behavior of emitted effluent 
constituents in the aqueous systems. The analyses of wastewater from a specialty chemicals 
manufacturing plant in the USA and receiving waters and sediments performed by Jungclaus et al. 
(1978) have indicated numerous environmental contaminants (dibutylphenol, halogenated and non-
halogenated volatile hydrocarbons, chlorophenol, dichlorophenol, nonylphenol, dichlorobenzodioxin, 
trichlorodibenzofuran). The composition of the river water reflected the composition of the wastewater 
except that some of the compounds appeared to degrade or volatilize in the river. For example, 
degradation of various phenols in the river water led to their oxidation to corresponding quinones. 
Many compounds had been accumulated in the sediments where they appeared to be stable and built 
up to high concentrations. Lopez-Avila & Hites (1980) have reported the appearance of 
N((2,2,3,34etramethybutyl)-pheny1)naphthylamine and trichlorobenzofuran in the effluents from the 
same chemical plant and in an estuarine area. 
Heavily polluted areas have been investigated in the Republic of Azerbaijan, once a part of the former 
Soviet Union (Swartz et al., 2003). The city of Sumgayit, on the northern coast of Apsheron Peninsula, 
was reported to be of particular significance in this regard because of a lot of factories producing 
chlorinated and agricultural chemicals, which were established there by the Soviet Union. High 
concentrations of toxic pollutants, such as insecticides aldrin, chlordane, heptachlor, lindane and DDT, 
have been found in sediments of the wetlands adjacent to the industrial area. Chemical analyses of 
tissues from European pond turtles (Emys orbicularis) had increased levels of these compounds. The 
results of the study also showed the acute toxicity in fish tests with Russian sturgeon (Acipenser 
gueldenstaedti) as well as potential mutagenicity in Caspian turtles (Mauremys caspica). 
Bitterfeld (Germany) was a major site of chemical production in the former German Democratic 
Republic (GDR) with chlor-alkali electrolysis as the basic process. Effluents were dumped via the 
creek Spittelwasser into the rivers Mulde and Elbe. Penta-, hexa- and heptachlorinated naphthalenes 
have been detected in the sediments of the creek at concentration of up to 1120 ng/g with the isomer 
pattern suggesting the chlor-alkali industry as the major source of polychlorinated naphthalene 
contamination (Brack et al., 2003). Further contaminants discharged to the aqueous environment with 
the effluents from this chemical complex were pesticides DDT and hexachlorocyclohexane and other 
chlorinated compounds (Lindemann, 2000) as well as dinaphthyl sulfones (Schwarzbauer & Franke 
(2003). Fung et al. (2004) have stated high levels of organochlorine compounds in the mussel tissues 
of Perna viridis and Mytilus edulis to originate from the industrial emissions located of along the east 
coast of China. 
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Tetrabromobisphenol A (TBBPA) and its methyl-derivative were detected by Sellström & Jansson 
(1995) in a river sediment in Norway. TBBPA is known to be used in plastic industry for production 
of platinum. Nonionic surfactants, such as alkylphenol ethoxylates, have many industrial applications. 
These compounds have been found in marine and estuarine sediments and reported to be introduced 
into the environment with the industrial wastewaters (de Voogt et al., 1997). Molecular markers 
(tribromomethane, triphenylphosphate, di-p-tolylsulfone, etc.) of different emission sources have been 
identified in the terrestrial and marine water samples from the industrial section of the city of Kavala 
in northern Greece (Grigoriadou et al., 2008a). Bobeldijk et al. reported in 2002 a first observation in 
surface water of hexamethoxymethylmelamine, a chemical often used in coating industry. Water from 
a river in Brazil subject to the discharges of a textile dyeing facility employing azo-type dyes has 
shown mutagenic activity towards Salmonella sp. (Umbuzeiro et al. 2004). The authors suggested 
nitroaromatic compounds and/or aromatic amines to be responsible for the mutagenic effects. 
Dichloronaphthalene, morpholine, hydroquinone, previously detected by Di Marzio (2005) in the 
effluents from chemical, textile, meat, tannery, and enzyme purification industries in Argentina and 
throughout the affected river, have revealed ecotoxic effects in tests with green alga, microcrustacean 
and other aquatic species. 
 
1.6. Scope of the research 
Despite large amount of studies performed on the characterization of industrial effluents from various 
industrial branches, there is a gap in information on the specificity of contaminants in terms of their 
molecular structure. At the same time, the detailed study of the distribution and fate of organic 
pollutants in the surface waters with their attribution to a specific point source is necessary. 
Therefore, the goals are to be achieved in this study: 
1. Non-target screening and quantification of organic constituents in industrial wastewaters at the 
outflow as well as within an industrial complex and identification of specific industrial markers, 
which are characteristic for certain industrial branches or production processes (applied to the 
effluents from petroleum and oil production, chemical manufacturing, paper, food production 
sites as well as power station). 
2. Tracing of target compounds in affected river systems in order to determine potential site-specific 
industrial markers in the river water along the flow downstream a contamination source 
(performed at three rivers in North-Rhine Westphalia subject to discharges from various 
industrial plants). 
3. Determination of contaminant distribution in the river system and evaluation of the persistence 
and possible transformation ways. 
 
The importance of application of the proposed approach for efficient source identification in polluted 
aquatic systems and better evaluation of possible environmental impact of anthropogenic emissions is 
stated. 
7 
 
2  Identification and chemical characterization of specific organic constituents of petrochemical effluents  
2 Identification and chemical characterization of specific organic 
constituents of petrochemical effluents* 
 
Abstract: Based on extensive GC/MS screening analyses, the molecular diversity of petrochemical 
effluents discharged to a river in North Rhine-Westphalia was characterised. Within a wide spectrum 
of organic wastewater constituents, specific compounds that might act as source indicators have been 
determined. This differentiation was based on (i) the individual molecular structures, (ii) the 
quantitative appearance of organic compounds in treated effluents and (iii) the information on their 
general occurrence in the technosphere and hydrosphere. Principally, site-specific indicators have been 
distinguished from candidates to act as general petrochemical indicators. Further on, monitoring the 
environmental behaviour of target organic contaminants in an aquatic system shortly after their release 
into the river allowed a first evaluation of the impact of the petrogenic emission in terms of the 
quantity and spatial distribution. 
The identification of petrogenic contaminants was not restricted to constituents of the effluents only, 
but comprised the compounds circulating in the wastewater systems within a petrochemical plant. A 
number of environmentally relevant and structurally specific substances that are normally eliminated 
by wastewater treatment facilities were identified. Insufficient waste water treatment, careless waste 
handling or accidents at industrial complexes are potential sources for a single release of the 
pollutants. 
This study demonstrates the relevance of source specific organic indicators to be an important tool for 
comprehensive assessment of the potential impact of petrochemical activities to the contamination of 
an aquatic environment. 
 
2.1 Introduction  
Industrial effluents contribute significantly to the contamination of surface water systems. Since the 
types of industries discharging waste to rivers and lakes cover a wide range of industrial branches the 
quality and, consequently, the resulting environmental impact or risk of these effluents is varying. 
However, generally the industrial wastewaters tend to carry a huge load of organic and inorganic 
pollutants. In particular, organic pollutants do not only appear in industrial effluents at high 
concentrations but also exhibit a high diversity with respect to their molecular structures. Therefore, a 
wide range of organic contaminants, comprising for example pesticides, mono- and polycyclic 
aromatic hydrocarbons, polychlorinated biphenyls (PCBs) as well as many phosphorous- and sulphur-
containing compounds have been identified in industrial wastewaters, and their behaviour in natural 
aqueous systems have been investigated to some extent (Castillo et al., 1998; Alonso & Barceló, 1999; 
Miermans et al, 1999; Guerra, 2001; Crowe et al., 2002; Dsikowitzky et al, 2004 a,b; Zhang et al., 
2008; Schwarzbauer and Heim, 2005). However, many of these contaminants remain unspecific with 
respect to the type of industrial effluents. For example, in aqueous (e.g. wastewaters, industrial 
                                                 
* Botalova, O., Schwarzbauer, J., Frauenrath, T., Dsikowitzky, L. (2009) Identification and chemical characterisation of 
specific organic constituents of petrochemical effluents. Wat. Res. 43, 3797-3812. 
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discharges, treated effluents) and solid samples from a wastewater treatment plant in Italy, 16 PAHs 
were determined approximately in the 1.12–4.62 µg/L range (Busetti, 2006). Determination of non-
halogenated solvents (toluene, xylenes, ethylbenzene and diisobutylketone) in textile industrial 
wastewater was performed with head-space solid phase micro-extraction h-SPME (López-Grimau et 
al., 2006). Castillo and Barceló reported the appearance of phenol, nonylphenol isomers and phthalate 
esters in the effluents of a textile industry in Portugal (1999). However, indicative compounds 
reflecting specific industrial processes and the corresponding chemicals have been reported rarely. The 
degradation products of azo dyes, such as 6-acetylamino-3-aminonaphthalene-2-sulfonic acid, N-(3,4-
bishydroxymethylphenyl)acetamide, aromatic amines and anilines can pose a hazard to the aquatic 
environment (Pinheiro et al., 2004; Bilgi and Demir, 2005).  
The environmental impact of industrial effluents has been pointed out by numerous ecotoxicological 
studies (Burkhard and Ankley, 1989; Burkhard et al., 1991; Hao et al., 1996; Chen et al., 1999; 
Kungolos, 2005 a,b; Hewitt and Marwin, 2005). The identification of a variety of benzothiazoles and 
more polar organics as major toxic compounds was performed in tannery effluents with Vibrio fischeri 
tests (Fiehn et al., 1997; Reemtsma et al. 1999 a,b). Significant amounts of polyethylene glycol, 
polyethoxylate decylalcohol and linear alkylbenzene sulfonates were found to be major constituents in 
textile wastewaters. High concentration levels were found for some benzene- (BS) and 
naphthalenesulfonates (NPS) which are used in the textile industry as dye bath auxiliaries (Castillo & 
Barceló, 2001). The authors argued that toxicity observed in the effluents from textile industries to 
Daphnia magna can be attributed to nonylphenol isomers, alcohol polyethoxylated, nonylphenol 
ethoxylates and several phthalates. 
Due to the enormously increasing importance of petroleum for the industrial development during the 
last century, petrochemical effluents have had a significant impact on the pollution of surface water 
systems. Moreover, petrochemical discharges have been proved to induce notable ecotoxicological 
effects, e.g. particle-associated genotoxins are released into aquatic environment by emissions from oil 
industries (White et al., 1996). Mutagenic activity of petroleum hydrocarbons was studied on 
microbiological cultures obtained from river waters under influence of discharge from petrochemical 
industrial effluents (Vargas et al., 1993), and in soil receiving the leachate water from petroleum 
sludge (Brown and Donnelly, 1984). The genotoxicity of the aromatic compounds and PAHs from the 
wastewater emitted by various petrochemical industries in France was observed directly in vivo tests 
with amphibian larvae by Gauthier et al. (1993). De Lemos et al. (2007) using fish tests proved the 
genotoxicity of the PAHs and petroleum hydrocarbons in the river water obtaining petrochemical 
effluents in southern Brasil.   
Several studies covering various organic substances of petrochemical origin that affect the aquatic 
environment have been performed in the last decades (Wise et al., 1981; Clements & Cheng et al., 
1982; Field et al., 1991; Kuo et al., 1996; Castillo & Barceló, 1999; Olmos et al., 2004; Nadal et al., 
2007; Grigoriadou et al., 2008 a,b). However, most of these studies focused on the contamination of 
aquatic systems and did not analyse the responsible composition of the industrial effluents.  
It has to be stated, that there is a lack of systematic investigations on petrogenic pollutants in industrial 
wastewaters as well as of the information on their environmental relevance. The  approach described 
in this work is not considered by current environmental regulation procedures including the 
monitoring of bulk parameters, such as TOC, AOX, BOD, N, P, heavy metals and selected organic 
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pollutants (chlorinated benzenes, phenols, pesticides, brominated organic compounds, estrogens, 
PAHs, PCBs, phthalates, tensides) as well as ecotoxicological testing, which are important for water 
quality. First attempts to take into account individual pollution characteristics are implemented in 
water framework by accounting for specific contaminants in river basins. Therefore, this work is 
aimed to characterize the composition of petrochemical effluents discharged to a river in North Rhine-
Westphalia, and to isolate specific compounds that might act as source indicators. These indicator 
substances, typical for oil production industries and unique signatures of petrochemical effluents shall 
allow efficient source identification in polluted aquatic systems.  
 
2.2 Methods and materials 
 
2.2.1 Samples 
Sewage water samples were taken from two petrochemical industrial sites (designated as A and B) 
located in North Rhine Westphalia, Germany. Sampling details are described in Table 2.1. Wastewater 
effluent samples from industrial site A were collected on 19.11.2007. This company is producing 
industrial oil products, naphthalene derivatives, pitches for the aluminium and steel industries from 
coal tar, and further synthetic products like superplasticizers (high range water reducers improving 
workability of concrete mixtures), and hydrocarbon resins. Sampling at industrial site B was carried 
out not only at the outflow of the industrial site but also at some location within the industrial 
complex. In particular, samples from one production site (BTX production), of leachate water from the 
waste deposit, of the combined wastewater subject to de-oiling and CO2 stripping as well as of outflow 
water from the wastewater treatment plant (WTP) were collected. The scheme of sampling sites is 
shown on Fig. 2.1. Sampling campaigns took place three times in summer 2007 (08.08.; 23.08.; 
23.10.). The wastewater from flambeau light was not analysed due to the high content of particular 
matter that made difficult the application of the extraction procedure used for the investigation. Water 
from the other production sites (olefin production and methanol distillation) contributing to the inflow 
to WTP was not provided for the analysis. 
Water samples from a river receiving discharge from industry B were collected on July 10, 2008 at 
five sampling sites on the longitudinal section: 4 km upstream from the source and 0.4, 1.3, 7.5 and 15 
km downstream from the source. The samples were taken from surface water at a depth of approx. 30 
cm. 
Generally, all samples were filled in intensively precleaned 1L aluminium bottles with alumina coated 
screw caps and stored in the dark at a temperature of 4°C. 
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Table 2.1: Sampling of wastewater from industrial sites and water from the river subject to the effluent discharge  
Site Sampling locations Date of sampling 
Industrial site A - Outflow 19.11.2007 
Industrial site B 
- Waste deposit leakage water; 
- BTX production; 
- after de-oiling and CO2 stripping  
- Outflow  
3 sampling 
campaigns: 
07.08.2007, 
23.08.2007, 
23.10.2007. 
River (under discharge 
from industrial site B) 
- 4 km upstream the industrial source 
- 0.4 km, 1.3 km, 7.5 km and 15 km 
downstream the industrial source 
10.07.2008 
 
 
 
WTP
Methanol distillation 
Combined wastewater 
(Inflow) 
Discharge into a river 
(Outflow) 
Flambeau light 
De-oiling and CO2-stripping 
Olefin production 
Waste deposit 
seepage water 
BTX production  
 
 
 
 
 
 
 
 
 
 
Fig. 2.1: Scheme of production processes at industrial site B.  Shaded area indicates the stations with analysed 
wastewater. WTP – wastewater treatment plant 
 
 
2.2.2 Chemicals and glassware 
In order to minimise laboratory contamination only glass, metal and PTFE equipment was used. All 
glassware was cleaned by ultrasonic agitation in water containing detergent (Extran, Merck, Germany) 
and rinsed with water and following with high-purity acetone and n-hexane. The solvents were 
purchased from Merck, Germany, and distilled over a 0.5 m packed column (reflux ratio 
approximately 1:25). The solvent purity was tested by gas chromatographic analyses. Anhydrous 
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granulated sodium sulphate (Merck, Germany) and hydrochloric acid (Merck, Germany) needed for 
the analytical procedure were cleaned by intense extraction with pure acetone. Execution of blank 
analyses revealed that none of the compounds presented in this study were detected in the blank.  
 
2.2.3   Extraction 
The extraction method used has been previously described in detail (Dsikowitzky et al., 2002). Briefly, 
a sequential liquid–liquid extraction procedure was applied to approximately 500 mL and 1000 mL 
aliquots of the wastewater and river water samples, respectively, using n-pentane, dichloromethane 
and dichloromethane after acidification to pH 2 with hydrochloric acid. 50 mL of solvent were used 
for each extraction step. The organic layers were concentrated by rotary evaporation at room 
temperature under reduced pressure to approx. 1 mL and dried by filtration over 1 g of anhydrous 
granulated sodium sulphate. Thereafter, the first two extracts were spiked with 50 mL of a surrogate 
standard solution containing d34-hexadecane (6.0 ng/μL) and decafluoroacetophenone (7.0 ng/μL). 200 
mL of surrogate standard containing 4-fluoroacetophenone (7.2 ng/µL) were added to the third extract 
containing the acidic components. Prior to GC and GC/MS analyses all the extracts (the third extract 
after derivatization, see section 2.4) were further concentrated at room temperature under ambient 
pressure. The final concentration volumes of wastewater extracts were: 50 µL (first two extracts) and 
200 µL (the third extract). The extracts of river water were concentrated to final volumes of 5 μL (first 
two extracts) and 20 μL (third extract).  
 
2.2.4 Derivatization 
Prior to chromatographic analysis the acidic compounds in the third extract were derivatized to 
enhance a successful gas chromatographic separation and detection. For this purpose 1 mL of 
diazomethane solution was added to approx 1 mL of the extract which was simultaneously cooled in 
an ice bath. The vial was tightly closed and allowed to remain in the ice-water for 30 minutes. 
Thereafter the vial was opened and the sample volume was reduced to approx. 200 µL (wastewater) 
and 20 µL (river water) at room temperature and ambient pressure.    
 
2.2.5 Gas chromatography (GC) and gas chromatography-mass spectrometry 
(GC/MS) 
Gas chromatographic analyses were carried out on a GC 8000 gas chromatograph (Fisons Instruments, 
Germany) equipped with a ZB-1HT fused silica capillary column (30 m length x 0.25 mm ID x 0.25 
µm df, Phenomenex, USA). The GC oven was programed from 60 to 300 °C at a rate of 3 °C min-1 
after 3 min at the initial temperature, and was kept at 300 °C for 20 min. The injection was carried out 
on a split/splitless injector at 270 °C, splitless time was 60 s. Hydrogen carrier gas velocity was 37 
cm/s. Detection was conducted by a flame ionization detector (FID) at 300 °C.  
GC/MS analyses of the samples from industry A were performed on a Trace MS mass spectrometer 
(Thermoquest, Egelsbach, Germany) linked to a Carlo Erba Mega Series 5140 gas chromatograph 
(CE, Milano, Italy) which was equipped with the same fused silica capillary column of the same 
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dimensions as used for GC analyses. The temperature program and the injection conditions were also 
the same as described above. Helium carrier gas velocity was set to 30 cm s-1. The mass spectrometer 
was operated in electron impact ionization mode (EI+, 70 eV) with a source temperature of 200 °C. 
The mass spectrometer was scanning from 35 to 700 amu at a rate of 0.5 s decade-1 with an inter-scan 
time of 0.1 s. 
GC/MS analyses of the samples from industry B were carried out on a HP 5890-II Series (Hewlett 
Packard, USA) gas chromatograph coupled to a Finnigan MAT 95 mass spectrometer (Finnigan, 
Germany). The fused silica capillary column used and the temperature program as well as injection 
conditions are described above. Carrier gas velocity (helium) was 33 cm s-1. The mass spectrometer 
was operated in full-scan mode at a resolution of 1000 in EI+-mode (70 eV), source temperature 200 
°C, scanning from 35 to 700 amu with a rate of 1 s decade-1 and an inter-scan time of 0.1 s. 
 
2.2.6 Identification and quantification 
Identification of the selected contaminants was based on comparison of EI+-mass spectra with those of 
the reference compounds or mass spectral databases (NIST/EPA/NIM Mass Spectral Library NIST02, 
Wiley/NSB Registry of Mass Spectral data, 7th electronic version) and gas chromatographic retention 
times. For correction of inaccuracies of retention time, the retention times of the surrogate standard 
compound were used. 
Quantitative data were obtained by integration of selected ion chromatograms extracted from the total 
ion current. Quantification details are presented in Table 2.2. For quantification, response factors were 
determined from four-point linear regression functions based on calibration measurements with 
different compound concentrations. The concentrations (7-50 ng/µL, injection of 1µL) ranged within 
the expected values in the samples and within a linear detection range. For correction of injection 
volume and sample volume inaccuracies, the surrogate standard was used. The detection limit was in 
the range of 1 ng/L. No attempts were made to quantify components at concentrations of less than 5 
ng/L.  
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Table 2.2: Selected contaminants in the wastewater from oil industries, their characteristic ion fragments and 
reference compounds used for quantification 
Compound m/z Reference compound used for quantification (if different) 
TPPO 277  
TCPP 277 TCEP  
Tri-n-butylphosphate (TBP) 99  
Cyclohexyl ester of nitrous acid 82 Tri-n-butylphosphate 
Dimethylpyridine 107 2,4.6-Trimethylpyridine  
Trimethylpyridines ( 3 isomers)  121, 106 2,4,6-Trimethylpyridine 
Indole 117, 90  
Indoline  118, 91  
N-Methylindoline 132 Indole  
Dimethylpyrimidine 108 2,3-Dimethylpyrazine 
2,3-Dimethylpyrazine 108, 67  
2,3,5-Trimethylpyrazine 122, 42  
Thioanisole 124, 109  
Methyl phenyl sulfone 156, 141  
Methyl tolyl sulfone (3 isomers) 170 Methyl phenyl sulfone 
Methyl xylyl sulfone (7 isomers) 184 Methyl phenyl sulfone 
Methyl phenyl sulfoxide 156, 141  
Methyl tolyl sulfoxide 139 Methyl-phenyl sulfoxide  
4-Methylsulfonylmorpholine 86 1-Formylpiperidine 
4-Acetylmorpholine 129 1-Formylpiperidine 
4-Propionylmorpholine 143 1-Formylpiperidine 
3-Phenyloxazolidine 149 1-Formylpiperidine 
N-Benzylacetamide 149 Acetanilide 
2-(2-chlorophenyl)-2-
(methylamino)cyclohexene (Ketamine) 
180 4-Hydroxy-2-methylacetophenone 
1-Hydroxycyclohexyl)phenylmethanone 
(Irgacure 184) 
99 4-Hydroxy-2-methylacetophenone 
Acetophenone 120, 105  
1-(4-Chloro-2-methylphenoxy)-3-(2-
methylpiperidin-1-yl)propan-2-ol 
112 4-Hydroxy-2-methylacetophenone 
 
 
2.3 Results and discussion 
The organic geochemical analyses were applied to industrial effluents from petrochemical sites, to the 
wastewater samples collected within a petrochemical complex, and to river water derived from a 
directly affected river section.  The obtained results revealed detailed insights into the fate of 
petrochemical pollutants prior and after their release to the aquatic environment. Therefore, all 
qualitative and quantitative results are discussed according to the aspects of (i) the source specificity 
as an essential precondition for contaminants to act as molecular indicators, (ii) the fate of organic 
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compounds in wastewater systems within an industrial complex and (iii) the quantitative impact of 
petrochemical pollutants on river systems. 
 
2.3.1 Constituents of petrochemical effluents 
GC/MS based non-target screening analyses of wastewater effluents from two different petrochemical 
companies have allowed the identification of a large number of various organic contaminants. All 
identified compounds are summarized in Table 2.3 and arranged according to their dominant 
molecular structural properties in the groups of phosphorous, nitrogen, sulphur, oxygen-containing 
compounds as well as aliphatic and mono- or polycyclic aromatic hydrocarbons. Further on, for 
industrial site B the results from three different sampling dates are distinguished. A high variety of the 
organic constituents in terms of structural diversity as well as of quantitative composition is illustrated 
in Fig. 2.2 exemplified by chromatograms of extracts containing various lipophilic substances in the 
outflow wastewater emitted from industries A and B (individual molecular structures corresponding to 
peak numbers on the chromatograms are shown in Fig. 2.3). 
The results of wastewater analysis indicate the presence of organic compounds belonging to a wide 
range of chemical classes. Some of these substances are known and widespread distributed pollutants. 
Other compounds were identified for the first time or have been rarely detected in aquatic systems so 
far. Besides their individual risk potential with respect to ecotoxicological or toxicological effects, 
several organic compounds might also act as indicators for industrial impact on river systems in 
general, or, more specifically, for petrochemical discharges. In the following, these groups of indicator 
compounds are discussed individually according to different levels of the molecular marker quality. 
 
2.3.1.1 Non-specific contaminants 
Substances, that have been frequently described as environmental contaminants or for which multiple 
emission sources (municipal, industrial etc.) have been reported, are characterised as non-specific 
contaminants. However, some of them were detected in the petrochemical effluents at remarkably high 
concentrations of up to 13 µg/L. These substances include e.g. indole, dimethyl- and 
trimethylpyrazines, dimethylpyrimidine, dimethyl- and trimethylpyridines, and thioanisol (Table 2.3).  
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Fig. 2.2: Total ion chromatograms of the first fractions of effluent samples from industrial sites A (A) and B (B). 
Peak numbers correspond to the chemical structures on Fig. 2.3 
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Fig. 2.3: Chemical structures of the identified compounds shown in the chromatograms of Fig. 2.2 
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Indole is a component of coal tar as well as of some plant oils, and is used in the production of 
aminoacids and as a fragrance and flavour (Higashio & Shoji, 2004). It was detected in high amounts 
(13 µg/L) in the effluents from industrial site A. Dimethylpyridines, particularly 2,6-lutidine, can be 
isolated from the alkaline fraction of coal tar and from bone oil. The compound is used as a chemical 
intermediate in the production of pharmaceuticals, resins, dyestuffs, rubber accelerators and 
insecticides. Dimethylpyridine was detected in the effluent of industry A at a concentration of 7 µg/L. 
2,4,6-Trimethylpyridine is used as a chemical intermediate and dehydrohalogenation agent. In nature 
it is found in small amounts in coal tar and shale oil. Anthropogenic release of alkyl pyridines into the 
environment is the result of processes that take place during the production of fuel from coal and oil 
shale, the usage of creosote from coal tar, the utilization of creosote in the wood preservation industry 
(Hawthorne et al., 1985, Ronen & Bollag, 1995). Toxicological effects of the compounds on humans 
are reported by Bingham et al. (2001). To our knowledge, possible toxic effects on aquatic organisms 
for alkyl pyridines have not been reported previously. 
Dimethylpyrimidine and 2,3-dimethylpyrazine were detected in the outflow wastewater of industry A 
at a concentration of up to 4 µg/L. Dimethylpyrimidines are used in pharmaceutical industry for the 
synthesis of veterinary drugs and vitamins (David et al., 1967; Stolker & Brinkman, 2005). Pyrazines 
are reported to be the thermal degradation products of N-acetylglucosamine and of the Maillard 
reaction between aminoacids and sugars that takes place during cooking of some foods, and serve as 
intermediates for perfumes, pharmaceuticals and agricultural chemicals (Chen et al., 1998; Higashio 
and Shoji, 2004). 2,3,5-Trimethylpyrazine is also a natural ingredient in cocoa and coffee beans and is 
used as an odour and/or flavour additive. Little information exists on the ecotoxic properties of 
alkylated pyrimidines and pyrazines and, although there is evidence on the mutagenicity of pyrazine 
alkyl derivatives in bacteria and mammals (Stich et al., 1980; Lee et al., 1994). Thioanisole was found 
in the effluents from industry A at a concentration of 4 µg/L. This compounds naturally occurs in 
coffee beans and is used in the creation and manufacturing of flavour. It was detected in the bleached 
kraft pulp mill effluent by Brownlee et al (1995) at a concentration of 0.5 µg/L. Interestingly, it was 
used for the synthesis of methyl phenyl sulfone (Martinez et al., 2002), a compound that was also 
found in the effluents from both petrochemical plants as well as in the analysed river water. Tris(2-
chloroisopropyl)-phosphate (TCPP) identified in the effluents of industrial complex B during all 
sampling campaigns (up to 0.7 µg/L) is known as a flame retardant and plasticiser (Andersen & 
Bester, 2006). The evidence on its ecotoxicological properties is reported by Föllmann & Wober 
(2006). 
Other compounds identified in the industrial effluents in our study (aniline, benzothiazole, 
acetophenone, naphthalene, alkylated benzenes and phenols, and aromatic and aliphatic carboxylic 
acids) have also to be attributed to the group of non-specific contaminants. According to previous 
investigations, these compounds have been found in the leakage water from waste disposal sites in 
Denmark, Sweden, Germany and Japan (Harmsen, 1983; Schultz & Kjeldsen, 1986; Öman & 
Hynning, 1993; Rügge, et al., 1995; Paxeus, 1996; Yasuhara et al., 1997; Schwarzbauer et al., 2002). 
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Table 2.3: Organic compounds identified by non-target screening in the effluents from two oil industries 
Industry B 
Compound Industry A 
07.08.2007 23.08.2007 23.10.2007 
Phosphorus-containing compounds     
TCPPb  + + + 
TPPOa  + ++ ++ 
Nitrogen-containing compounds     
C2-Pyridineb  ++    
C3-Pyridines (3 isomers) b +    
Dimethylpyrimidineb +    
2,3-Dimethylpyrazinea +    
2,3,5-Trimethylpyrazinea +    
Indolea ++    
Indolinea ++    
N-Methylindolineb +    
Methylquinolineb +    
Dimethylquinolineb +    
Trimethyl-1H-quinolineb +    
1H-Benzotriazoleb +    
Azapyreneb +    
2,2,6,6-Tetramethyl-4-piperidinoneb  ++ +  
Anilineb ++    
Toluamide (2 isomers) b +    
N-tert-Butylbenzamideb +    
N-Phenylformamideb +    
N-Benzylacetamideb    + 
Tibetene muskb 0    
Sulfur-containing compounds     
2,4-Dimethylsulfolaneb  + +  
1,2,4-Trithiolaneb    0 
Benzothiopheneb +    
Thioanisolea ++    
Methyl-phenyl sulfoxidea ++    
Methyl p-tolyl sulfoxideb +    
Methyl phenyl sulfonea + + +  
Methyl tolyl sulfoneb (3 isomers)   ++ ++ + 
Methyl xylyl sulfoneb (7 isomers)  + +  
4-Methylsulfonylmorpholineb  + +  
3-(Mercaptophenyl)propionic acidb +    
Oxygen-containing compounds     
C2-Phenolb ++    
2,6-Di-tert-butyl-4-methylphenolb +    
1,1-Dimethyl-2-(4-tolyl)ethanolb +    
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Table 2.3 (continued): Organic compounds identified by non-target screening in the effluents from two oil 
industries 
Industry B 
Compound Industry A 
07.08.2007 23.08.2007 23.10.2007 
α.α-4-Trimethyl-benzeneethanolb +    
2,4-Bis(1-methyl-1-phenylethyl)phenolb 0    
4-Ethyl-1,3-benzenediolb +    
Acetophenonea +    
3,4-Dimethylbenzaldehydeb ++    
4-Methyl-4-phenyl-2-pentanoneb +    
2,3,4,5-Tetramethyl-2-cyclopenten-1-oneb +    
4-Oxoisophoroneb 0    
Ethylbenzofuranb +    
1,3-Dimethyl-2-oxocyclohex-3-ene-
carboxylic acidc 
0    
4-Phenoxybutanoic acidb 0    
2,4,6-Trimethylbenzoic acidc +    
Phthalic acidb 0    
Bicyclo[2.2.1]heptan-2-carboxylic acidc +    
Exo-bicyclo[2.2.1]hept-5-ene-2-carboxylic 
acidc 
+    
1-Naphthaleneacetic acidc 0    
9-Fluorenone-1-carboxylic acidc 0    
9,10-Dihydro-9,10-ethanoanthrecene-11,12-
dicarboxylic acidd 
0    
Aliphatic and  aromatic hydrocarbons     
Alkanesb    ++ 
Alkylbenzenesb (C1-C4)   + (C1) + 
Indanea +    
Indeneb +    
Methylindeneb +    
1-Phenyl-1,3,3-trimethylindaneb ++    
2,4-Diphenyl-4-methyl-2-penteneb ++    
Diisopropylnaphthalene (DiPN)b (2 isomers) 0    
Methylfluorantheneb 0    
 
a Identified by comparison of GC and mass spectral data with those of reference compounds. 
b Identified of mass spectral data with those of mass spectral databases. 
c Detected as methylester. 
d Detected as dimethylester. 
++  high content in a sample,  
+    low content in a sample,  
0    traces in a sample. 
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2.3.1.2 Indicative industrial contaminants 
Many indicative compounds detected in the effluents from industrial sites A or B have not been 
reported from other emission sources (particularly, in municipal wastewater) so far. Two groups of 
source indicators have to be differentiated with respect to the frequency of their appearance. Highest 
source specificity is exhibited by those contaminants that have been detected in the effluents from both 
industrial sites. However, the major proportion of potential industrial markers have been analysed 
solely in one of these two sample sets.  
Numerous nitrogen-containing substances belong to the latter group of potential industrial markers 
which have been detected in high structural diversity and particularly with elevated concentrations in 
the effluents from site A. Besides some non-specific contaminants like indole, pyridines or pyrazines, 
the appearance of relatively high amounts of indoline (7 µg/L), the occurrence of alkylated and 
hydrogenated quinoline derivatives as well as of various amides (toluamide, N-phenylformamide and 
N-tert-butylbenzamide) may represent specific contamination reflecting the industrial activity at this 
site. Indoline is used as in various biochemical synthetic processes, e.g. in aminoacid production 
(Kanamitsu, et al., 1987; Sakashita et al., 2007). So far indoline and N-methylindoline have been 
rarely detected in industrial effluents. Although indole and quinoline related compounds are known to 
be released by petroleum in particular after pyrolytic treatment (Riboulleau et al. (2001); Li and 
Larter, 2001), a primarily petrogenic origin of these compounds in effluents of site A is unlikely due to 
the lack of further petrogenic N-containing compounds (like carbazoles, normally prominent 
constituents of petroleum) and due to their absence in effluents of the second industrial site. Hence, 
they may represent technical by-products of secondary synthetic processes and, thus, these compounds 
may act as site-specific indicators. 
In the effluents from industrial site B, triphenylphosphine oxide (TPPO) was detected at a 
concentration of 22 µg/L (Table 2.4). It is commonly known as a product of the Wittig-synthesis 
which is carried out in the industrial production of olefins. This synthesis application might explain its 
occurrence in the wastewater of industry B, since this company exhibits an olefins production unit. 
Furthermore, TPPO is known to originate also from the technical desoxygenation of peroxides and 
further oxides with triphenylphosphine. In addition, TPPO was also found in the effluents from 
pharmaceutical industries. Nevertheless, TPPO has rarely been described as an environmental 
contaminant (Bobeldijk et al., 2001; Dsikowitzky et al., 2004 a,b), but there is an indication on its 
toxicity in V. fischeri tests (Emery et al., 2005). Some further specific compounds comprising 
tetramethylated 4-piperidinone and its corresponding alcohol, as well as N-benzylacetamide also 
appeared in the effluents from site B. To our knowledge, neither any technical or industrial application 
of these compounds nor information on their occurrence in corresponding effluents or in surface water 
has been reported so far.  
Apart from these obviously site-specific compounds with very indicative molecular structures or 
known applications restricted to industrial activities, two further compound groups of interest were 
distinguished. These substances are used widespread as technical additives but often in very limited 
applications. Since they have not been reported as constituents of municipal wastewater effluents these 
substances can also be characterised as industrial marker compounds. A first compound class 
comprises the group of substitution isomers of diisopropylnaphthalene (DIPN) (a target product of 
downstream processes at industrial site A). DIPN is used as a dye solvent, constituent of coating 
21 
 
2  Identification and chemical characterization of specific organic constituents of petrochemical effluents  
agents, adhesives as well as heat transfer and insulating oils. This compound has been detected 
sporadically in the aquatic environment (Peterman & Delfino, 1990; Schwarzbauer and Heim, 2005). 
The isopropyl substituents have been considered to cause a lower toxicity in comparison with that of 
unsubstituted naphthalene (Höke & Zellerhoff, 1998). However, data on DIPN toxicity for aqueous 
organisms have not been reported so far. The second group includes 1H-benzotriazole that has similar 
specificity of its technical application (corrosion inhibitor, de-icing agent, additive in lubricants etc.). 
Its appearance in the aquatic environment has been seldom reported in the literature. For both 
compound groups, further research on its environmental distribution and impact is recommended. 
 
Table 2.4: Contaminant concentrations in effluents (outflow) from oil industries (μg/L) 
Industry B 
Compound Industry A 
7.08.2007 23.08.2007 23.10.2007 
TCPP  0.5 0.3 0.7 
TPPO  0.9 22 13 
Dimethylpyridine 7    
Trimethylpyridines ( 3 isomers)  1.3    
Dimethylpyrimidine 3    
2,3-Dimethylpyrazine 4    
Trimethylpyrazine 0.8    
Indole 13    
Indoline  7    
N-Methylindoline 0.7    
Thioanisole 4    
Methyl phenyl sulfone 2 6 9  
Methyl tolyl sulfone (3 isomers)  25 25 0.4 
Methyl xylyl sulfone (7 isomers)  10 8  
Methyl phenyl sulfoxide 15.5    
Methyl tolyl sulfoxide 1    
4-Methylsulfonylmorpholine  0.6 0.5  
Acetophenone 0.5    
 
The most interesting group of contaminants consists of methyl aryl sulfoxides and sulfones with 
aromatic moieties ranging from phenyl to tolyl/xylyl groups. The detection of these compounds in the 
effluents from industrial sites A and B (with the exception of methyl phenyl sulfone detected also in 
the wastewater from site A), allows to refer to them as potential indicators for petrochemical effluents. 
The observed concentrations of methyl aryl sulfones and sulfoxides ranged from 1 to 25 µg/L 
representing them as main constituents in the effluents. Information on the technical application or 
origin of these compounds is rare. Solely methyl phenyl sulfone has been reported to be a metabolite 
of the insecticide fonofos (O-ethyl-S-phenylethyldithiophosphonate) (Somasundaram et al., 1990). 
However, the combined appearance of phenyl to tolyl substituted sulfoxides and sulfones indicate a 
common source for both sulphur-containing species. Since sulfoxides and sulfones represent different 
oxidation states of sulphur in their molecules, the predominant appearance of sulfones at industrial site 
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B and of sulfoxides at site A might indicate different sewage treatment conditions with respect to 
oxygen demand. Furthermore, this would implicate that primary species can be presented by the 
reduced forms, in particular sulphides. 
To our knowledge, the occurrence of methyl aryl sulfones and sulfoxides as environmental pollutants 
has been described only in one study (Schwarzbauer and Heim, 2005), and possible toxic effects on 
aquatic organisms have not been reported. 
 
2.3.2 Contaminant distribution in petrochemical plant complex B 
Quantitative analysis of the wastewater from separate production subunits within industrial complex B 
allowed the evaluation of the contribution of selected individual production processes to the total 
petrochemical outflow. Additionally, comparison with the outflow data of the associated sewage 
treatment plant distinguished degradable and stable contaminants and pointed to the degree of 
pollutant degradation after treatment process. Generally, these analyses followed one major aim. The 
knowledge on the contaminant occurrence and distribution within the wastewater systems of 
production complexes forms an important base for the monitoring of pollution as a result of accidents 
during industrial operations or malfunctions of the wastewater treatment unit. Hence, qualitative and 
quantitative analyses allow identification of molecular indicators for these incident scenarios. 
For this purposes wastewater from a BTX production site, leachate water from the industrial waste 
deposit, the combined wastewater, which was subject to de-oiling and CO2 stripping, and water after 
sewage treatment (outflow) derived from three sampling campaigns were analysed. All qualitative and 
quantitative data are summarized in Table 2.5.  
The following discussion focuses briefly on contaminants that exhibit high concentrations in the 
wastewater within the industrial complex, but that have been eliminated successfully during the 
wastewater treatment process, and on the contaminants which exhibit unusual or specific molecular 
structures, which allows their consideration as potential molecular indicators (Table 2.5). 
N-Acetylmorpholine and N-propionylmorpholine were detected in the wastewater exclusively from 
the BTX production site at maximum concentrations of 130 µg/L and 19 µg/L, respectively (samples 
from 23.08.2007). Although they seemed to be completely removed during the wastewater treatment 
process, their unique appearance at the BTX production site suggests a industrial process-related 
indicator potential. Interestingly, these compounds have been reported to serve as adsorbents in the 
process of the removal of carbon dioxide, sulphur compounds, water and aromatic and higher aliphatic 
hydrocarbons from industrial gases. N-acetylmorpholine is also used for preferential absorption of H2S 
over CO2 (Henni et al., 2005). Noteworthy, this compound has been detected in the Rhine river 
(Schwarzbauer and Heim, 2005).  
2,2,6,6-Tetramethyl-4-piperidinol was detected only in wastewater from the BTX production site and 
did not appear in the effluent water. Conversely, a relatively high amount of 2,2,6,6-tetramethyl-4-
piperidinone was observed in the outflow. This indicates the oxidation of the alcohol form of the 
compound to the corresponding ketone during treatment process. 
Irgacure 184, 3-phenyloxazolidine, benzylacetamide, TCPP and TPPO were found in leachate water at 
high concentrations (2-1100 μg/L). Irgacure 184 is commonly used as a photoinitiator in polymer 
synthesis (Kim et al., 1999). After wastewater treatment it was not detected in the industrial effluent. 
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The same refers to 3-phenyloxazolidine. Concerning the two detected phosphorous-containing 
compounds, a widespread distribution of TCPP in the aquatic environment was described 
(predominantly from municipal wastewater emissions, whereas TPPO has rarely been described as an 
environmental contaminant (Dsikowitzky et al. 2002). However, because TPPO appeared solely in the 
waste deposit leachate water its suitability as an indicator might be limited. Therefore, acquiring 
further knowledge on the emission pathways of this compound is necessary.  
Tri-n-butylphosphate (TBP) was also detected in leachate water from the waste deposit at 
concentrations of up to 3 µg/L. This compound is used in the manufacturing of dyestuffs, lacquers, 
resins and plasticizers (Öman & Hynning, 1993) and is considered to be a non-specific pollutant. The 
available information indicates moderate toxicity of TBP for aquatic organisms (Bringmann & Kuhn, 
1982; Mayer et al., 1986). 
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Table 2.5 Organic compounds identified by non-target screening in wastewater of industrial site B 
 
Leakage water BTX-production De-oiling and CO2 stripping 
Compound 
07.08.2007 23.08.2007 23.10.2007 07.08.2007 23.08.2007 23.10.2007 07.08.2007 23.08.2007 23.10.2007 
Phosphorus-containing compounds          
TBP 0.2 3        
TCPP 81 14 81       
TPPO 9 270 2      2 
Dimethyl-N-hydroxyethanimidoylphosphonate   0       
Nitrogen-containing compounds          
Cyclohexyl ester of nitrous acid  0.6  5     2 
1,3-Dihydro-1,3,3-trimethyl-2H-indol-2-one 0         
2,2,6,6-Tetramethyl-4-piperidinol    + + +    
N-Methylpyrrolidinone ++ +        
N-Benzylacetamide  24 41       
N-Acetylmorpholine    7 130 35    
4-Propionylmorpholine     19     
3-Phenyloxazolidine 1100 3        
Ketamine 58  9       
1-(4-Chloro-2-methylphenoxy)-3-(2-
methylpiperidin-1-yl)propan-2-ol 
 35
+
        
Sulfur-containing compounds          
1,2,4-Trithiolane   +        
5,6-Dihydro-5-methyl-4H-1,3,5-dithiazine   +        
5,6-Dihydro-2,6-dimethyl-2H-thiopyran-3-
carboxaldehyde 
         
S8 Sulfur      +  + + 
Oxygen-containing compounds          
2-Butoxyethanol   +     +  + 
1-(2-Methoxy-1-methylethoxy)-2-propanol  + +        
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Table 2.5 (continued): Organic compounds identified by non-target screening in wastewater of industrial site B 
 
Leakage water BTX-production De-oiling and CO2 stripping 
Compound 
07.08.2007 23.08.2007 23.10.2007 07.08.2007 23.08.2007 23.10.2007 07.08.2007 23.08.2007 23.10.2007 
Phenoxypropanol   +        
2-Phenoxyethanol   ++ +       
2-(2-Phenoxyethoxy)ethanol   +        
Butoxyethoxyethanol   ++ + ++   +  + 
1,4,4a,9a-Tetrahydro-1,4-ethanofluoren-9-one      0 0    
1,6-Dioxacyclododecan-7,12-dione + +        
4H-1,3-Benzodi  oxine ++         
Irgacure 184 76         
Phenol  ++ ++  ++ + ++ ++ + ++ 
Alkylphenols (C1-C4) + + +    0 0 ++ 
Alifatic and aromatic hydrocarbons          
Alkanes + + + 0 0 0 ++ ++ ++ 
3a,4,7,7a-Tetrahydro-4,7-methano-1H-indene     +     
Alkylbenzenes (C1-C4) ++ ++ ++ + + +  + (C1)  
Diphenyl ether    +       
Dibenzofuran  +        
Benzophenone  0 ++ +       
Indene     ++ + ++   + 
Naphthalene ++ ++ ++ + + +    
1,4-Dihydronaphthalene     + +    
1,2,3,4-Tetrahydroanthracene   +       
1,4-Bis(phenylmethyl)benzene   +       
5-Phenylbicyclo[2.2.1]hept-2-ene    + + +    
9-Benzylphenanthrene   0       
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Summarizing, all the discussed compounds, which exhibit specific molecular structures but are normally 
degraded during wastewater treatment (N-acetylmorpholine, N-propionylmorpholine, Irgacure 184, 3-
phenyloxazolidine), can be referred to a group of possible indicators for irregular plant operations. A 
detection of these marker compounds in the affected river system at significant concentrations would 
indicate either industrial accidents or malfunctions of the wastewater treatment process. 
Further on, typical petrogenic compounds can be considered as source indicators or marker compounds to 
trace the mass flow within petrochemical complexes. Known and abundant constituents of petroleum 
include the homologues or isomer patterns of alkanes and alkylated aromatic compounds that have been 
intensively used to differentiate various petrogenic emission sources in the aquatic environment. Since 
aliphatic and aromatic hydrocarbons exhibit a high lipophilicity their water solubility is restricted and 
they tend to associate predominantly with particulate matter. Hence, it might be inappropriate to consider 
them as aqueous indicative constituents. However, high abundance of alkanes and alkylated benzenes was 
observed in highly contaminated wastewater samples (BTX, leachate water) (Table 2.5). Although 
fluctuations of the alkane distribution were observed, the pattern indicated clearly a petroleum related 
origin of the saturated hydrocarbons (Fig. 2.4). Noteworthy, alkanes and alkylated benzenes were 
detected temporarily in the collective outflow of industrial site B (Table 2.3, Fig. 2.5) indicating a 
partially insufficient wastewater treatment. Taking into account that alkanes are normally the first 
lipophilic oil components to be microbiologically degraded the appearance of the saturated hydrocarbons 
in industrial effluents on 23.10.2007 gives the evidence on a failure at the biological stage of the 
wastewater treatment unit at that time.  
The removal of alkylated phenols had been obviously effective according to the fact that they were not 
detected in the effluent samples of industrial site B. The wastewater sample after de-oiling and CO2 
stripping from the third sampling campaign (sampling on 23.10.2007) exhibited a higher content of 
alkylated phenols. Noteworthy, petrogenic aliphatic and aromatic hydrocarbons were not detected in the 
effluents of industry A. 
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Fig. 2.4:  Extracted ion chromatogram (m/z 71) of alkane distribution pattern in the water from BTX production (A), 
after de-oiling and CO2 stripping (B), and in the inflow water before WTP (C) of Industry B, Numbers indicate n-
alkanes, i-isoprenoids, Pr-pristane, Ph-phytane. 
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Fig. 2.5: Extracted ion chromatogram of n-alkanes (A) and C1-, C2-, C3- and C4-benzenes (B) in the outflow water of 
industrial plant B (sampling date 23.10.2007). Numbers indicate n - alkanes, i - isoprenoids, Pr - pristane, Ph-
phytane, T - toluene, E - ethylbenzene, X - xylene, M - methylbenzene, P - propylbenzene, IP - isopropylbenzene, 
ME - methylethylbenzene, 2xME - two isomers of ME, 3M - trimethylbenzene. 
 
2.3.3 Monitoring of petrochemical marker compounds in an affected river system 
The short distance distribution of selected organic compounds in a river section of approx. 15 km 
receiving the petrochemical effluents from site B has been analysed in order to evaluate the behaviour of 
industrial contaminants in an aquatic system shortly after their release into the river and to verify the 
indicative properties of proposed petrochemical markers. The analyses revealed the occurrence of the 
non-specific compounds trischloroisopropylphosphate (TCPP) and tri-n-butylphosphate (TBP) that are 
known as ubiquitous riverine contaminants, the minor specific substance Irgacure 184 and the indicator 
compounds methyl phenyl- and methyl tolyl sulfones (Table 2.6). 
These indicative substances were not detected upstream the emission source, but methyl phenyl and tolyl 
sulfones appeared at all sampling locations downstream with concentrations of up to 34 ng/L and 23 ng/L, 
respectively. Noteworthy, the relative proportion of phenyl to tolyl compounds detected in river water 
ranging from approx. 1:1 to 3:1 has changed as compared to the ratios determined in the effluents (1:3-4). 
This might indicate a selected removal of methyl tolyl sulfones from the water phase either by 
degradation or by transfer processes. Comparing the concentrations of methyl phenyl sulfone in the 
effluents (up to 25 µg/L) with the values detected in the river water (7 to 34 ng/L) a dilution ratio in the 
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range of 1:1000 can roughly be estimated. However, the detected values are in good agreement with 
published data from the Rhine river (Schwarzbauer and Heim, 2005). It can be concluded that the 
contamination profile around the industrial outflow revealed the first evidence for the usefulness of 
methyl aryl sulfones as source specific indicators for petrochemical effluents.  
 
Table 2.6: Compound concentrations in river water contaminated with effluents from petrochemical plant B (ng/L)   
Upstream 
the source Downstream the source Compound/Distance from the source 
4 km 0.4 km 1.3 km 7.5 km 15 km 
TCPP* 30 21 45 54 57 
TBP** 32 26 17 33 30 
Irgacure 184** 106 36 150 160 320 
Methyl phenyl sulfone* - 12 34 7 15 
Methyl tolyl sulfone* - < 5 23 8 5 
 
*  detected previously in the effluent (outflow water), 
**detected previously in the seepage water from waste deposit. 
 
Irgacure 184 was detected solely within the industrial complex (approx. 80 µg/L in the leachate water) 
and was not found in the effluent samples indicating its successful elimination during the wastewater 
treatment processes. However, due to its structural specificity the compound has been shown to act as an 
indicator for accidents or malfunctions during industrial and cleaning operations (see chapter 3.2). 
Surprisingly, Irgacure 184 was determined in the river water samples at concentrations of up to 320 ng/L, 
as well as upstream of the industrial emission source. Hence, the source specificity of this compound is 
obviously low. Further on, regarding the estimated dilution ratio of approx. 1:1000 between effluents and 
river water, a contribution of maximal ca. 70 ng/L to the riverine contamination in case of a failure within 
the industrial complex has to be estimated. In this case it would contribute to an insignificant extent to the 
already existing pollution level. Therefore, Irgacure 184 can act as a specific source indicator neither with 
its specific molecular structure nor with its concentration in the river.  
The non-specific contaminants (TCPP, TBP) were detected at concentrations of approx. 30 ng/L at the 
sampling point situated approx. 4 km upstream of the industrial emission source. TCPP was detected in 
the industrial effluents at concentrations of up to 700 ng/L (Table 2.6), whereas the concentration profiles 
downstream the petrochemical discharge exhibited no indicative increase. Hence, significant contribution 
of the industrial effluents to the riverine TCPP pollution can be excluded. The same has to be referred to 
the TBP contamination. 
Noteworthy, these analyses neglect fluctuations in the chemical compositions of the industrial effluents 
and represent only a first insight into the environmental behaviour of industrial contaminants. 
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2.4 Conclusion 
Extended screening analyses of wastewater from petrochemical industries and water samples from the 
affected riverine system revealed a detailed insight into the molecular diversity of petrochemical organic 
contaminants and their environmental behaviour in the aquatic system shortly after discharge to the river. 
(i) The individual molecular structures, (ii) quantitative appearance of organic compounds in the treated 
effluents and (iii) the information on their general occurrence in technosphere and hydrosphere allowed 
the differentiation of the indicative organic substances that might potentially act as molecular markers of 
petrochemical emissions. Principally, site-specific indicators have been distinguished from candidates for 
acting as general petrochemical indicators. Further on, monitoring of the environmental behaviour of 
organic pollutants in the corresponding river system allowed a first evaluation of the impact of the 
emission in terms of quantity and spatial distribution. This goes beyond the scope of the standard 
environmental regulation procedures which include only the monitoring of basic pollution parameters in 
industrial wastewaters. Moreover, screening analyses allowed to identify new contaminants, which 
accounts for better explanation of various ecotoxicological effects observed for wastewater discharged 
from certain industrial branches. 
However, the identification of petrogenic contaminants was not restricted to the constituents of the 
effluents discharged to the riverine system but comprised also the compounds circulating in the 
wastewater systems within a petrochemical plant. A number of environmentally relevant substances 
possessing high structural specificity were identified. The importance of this approach is related on the 
one hand to the restricted knowledge on the chemicals appearing within industrial complexes, normally 
concerned with the educts or starting materials. However, the numerous so far unknown by-products have 
to be also characterised as potential toxicants as it has been shown in a multitude of ecotoxicological 
studies on industrial emissions. On the other hand, insufficient wastewater treatment, careless waste 
handling or accidents at industrial plants are potential sources for a single release of the pollutants that are 
normally eliminated during wastewater cleaning processes. Hence, the knowledge on the molecular 
diversity of compounds normally not released by petrochemical effluents but appearing within industrial 
sites is an important precondition for the comprehensive assessment of the potential impact of 
petrochemical activities to the contamination of aquatic environment.  
In summary, extended organic analyses and the detailed evaluation of indicative substances is a time-
consuming but nevertheless very useful tool for the environmental assessment of petrogenic emissions. 
Based on the comprehensive identification of source specific substances, the system of marker 
compounds might allow rapid determination of the petrogenic impact on rivers not only per se but also as 
a result of industrial accidents or malfunctions of wastewater treatment facilities. However, to promote 
the proposed marker candidates (e.g. methyl phenyl sulfone) to general indicators of petrogenic emissions 
further extended analyses have to be performed to verify their general occurrence in petrochemical 
effluents. Generally, this approach for source identification can be extended to many other industrial 
branches in order to facilitate source-related identification procedures. 
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3 Identification and chemical characterization of specific organic markers in 
the effluents from chemical production sites† 
 
Abstract: The structural diversity of the wastewater composition was described with the use of detailed 
non-target screening analyses of industrial effluents from chemical production sites. Determination of the 
indicative organic compounds acting as potential molecular markers for industrial emissions from 
chemical production industries was possible due to (i) the identification of compounds with high source 
specificity, (ii) quantitative determination of the organic constituents in the industrial effluents and (iii) 
review of their industrial applications. The determination of potential site-specific indicators and 
industrial markers corresponding to a certain production processes (production of starting materials for 
manufacturing of paper and printing inks, powder coatings as well as epichlorohydrin and pharmaceutical 
production) was performed in this work. 
The identification of industrial contaminants in the industrial effluents was extended to the evaluation of 
the chemical composition of wastewaters from different production subunits within a chemical complex. 
This allowed the detection of a number of halogenated compounds of environmental concern and with 
very high molecular diversity that can contribute to the understanding of their complex ecotoxicological 
impact while being discharged to the aquatic environment.  
The comprehensive evaluation of the industrial indicative compounds is a promising tool in the 
characterization of industrial emissions of from a wide spectrum of chemical brunches and in the 
assessment of their environmental impact. 
 
3.1 Introduction 
Chemical production plants represent a substantial source of contamination introduced into the aquatic 
environment. They produce a wide range of compounds including pharmaceuticals, crop-protecting 
agents, solvents, plasticizers, antioxidants, thermal stabilizers, ultraviolet light absorbers, optical 
brighteners, surfactants and other chemical products. Being emitted at a significant concentration level, 
organic compounds in the chemical effluents normally possess a high structural diversity and reveal 
notable ecotoxicological effects. Within a wide range of industrial contaminants associated with direct 
products and by-products as well as those formed during wastewater treatment, many of them are 
unknown from the point of structural characteristics and environmental behaviour. So far the 
investigation of composition of industrial effluents has been performed towards industrial sites 
comprising various production branches, i.e. paper, textile, tannery and leather industry as well as 
chemical manufacturing (Knepper, 2002; Rojas & Ojeda, 2005; Soupilas et al., 2008). In a previous study 
we have made an attempt to identify possible markers for petrochemical industrial activities (Botalova at 
al., 2009). 
                                                 
† Botalova, O., Schwarzbauer, J., Al Sandouk, N. Identification and chemical characterization of specific organic markers in the 
effluents from chemical production sites (Submitted for publication to Wat. Res.) 
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Investigations on the toxicological and ecotoxicological properties of industrial effluents have been 
performed in a number of studies (Castillo at al., 2001; Hewitt & Marvin, 2005). Phthalate esters used in 
the production of various plastics (including PVC) are among the most common industrial chemicals. 
These contaminants together with a food antioxidant butylated hydroxyanisole have revealed estrogenic 
estrogenic activity in fish and mammalian tests (Jobling et al., 1995). Genotoxicity of acridine derivatives 
detected in industrial waters in Netherlands has been shown by Bobeldijk at al. (2002). The authors 
reported a first observation in surface water of hexamethoxymethylmelamine, a chemical often used in 
coating industry. Diverse array of halogenated (chlorinated or brominated) and non-halogenated organic 
chemicals including compounds used as flame retardants (PBDEs and chlorinated organophosphorus 
preparations), photoinitiators (including numerous derivatives of ketones and hydrazones), polymer 
additives (including the phthalate plasticiser DEHP), semiconductor coatings (quinoxaline derivatives) 
and chemical intermediates used in the pharmaceutical and bulk chemical sectors (including pyrazines 
and diphenylhydrazine) has been detected in the effluents of the plants involved in the manufacturing of 
electrical and electronic products in St.-Petersburg (Russia) (Labunska at al., 2008). The authors found in 
the effluent from a semi-conductor equipment manufacturer concentrations of 36 μg/L of chloroform and 
65 μg/L of highly toxic and carcinogenic tetrachloromethane which had been discharged into a river.  
There are a number of ecotoxicological studies performed on the wastewaters from chemical 
manufacturing sites (Jop et al., 1991; White et al., 1996; Soupilas at al., 2008). Ecotoxicity investigations 
have been carried out on the complex effluents collected from a chemical plant in Italy producing 
synthetic rubbers, latexes of synthetic rubber, acrylonitrile butadiene styrene resins, dimethylcarbonate 
and derivatives (two-ring phenols, phenolic antioxidants, esters of diethylenglycol), fertilizers 
(ammonium nitrate, compound fertilizers), etc (Guerra, 2001). The evaluation of ecotoxicological 
response was performed in the tests with Daphnia magna, Vibrio fisheri, Artemia salina, Brachionus 
plicatillis. Ecotoxicological investigations were performed by Swartz et al. (2003) in the wetlands 
adjacent to an industrial area with a number of chemical factories, i.e. chlor-alkali plant, located in the 
Republic of Azerbaijan. The results of the study showed the acute toxicity in fish tests with Russian 
sturgeon (Acipenser gueldenstaedti) as well as potential mutagenicity in Caspian turtles (Mauremys 
caspica). 
Despite numerous investigations performed on the characterisation of the effluents discharged by 
chemical production plants there is a gap in information on the specificity of contaminants in terms of 
their molecular structure. This work is focused on the determination of the specific organic compounds 
discharged by various chemical complexes with regard to the corresponding production processes taking 
place at the chemical sites. The characterization of the contaminant distribution within a chemical 
manufacturing complex is performed for better evaluation of possible environmental impact of 
anthropogenic emissions.  
 
 
 
 
 
33 
 
3  Identification and chemical characterization of specific organic markers in the effluents from chemical production sites 
3.2 Methods and materials 
 
3.2.1 Samples 
Wastewater samples were collected from five chemical production plants (defined as A, B, C, D, and E) 
situated in North-Rhine Westphalia, Germany. Sampling information is given in Table 3.1. Sampling 
campaigns at industrial complex A took place four times in summer 2007 (27.06.; 19.07.; 02.08.; 15.08.). 
Wastewater of this chemical plant was sampled not only at the outflow but also at other locations within 
the industrial site. Those included the wastewater from one production site (chlor-alkali electrolysis), 
leachate water from the waste deposit, and the combined wastewater before being transferred to a 
wastewater treatment plant (WTP). The scheme of sampling sites is shown on Fig. 3.1. Water from 
further production sites contributing to the inflow to the WTP was not provided for the investigation. 
Wastewater effluent samples from industrial sites B, C, D and E were collected in November 2007. 
The wastewater samples were filled in thoroughly precleaned 1L aluminium bottles with alumina coated 
screw caps and stored in the dark at a temperature of 4°C. 
 
Table 3.1: Sampling of the wastewater from chemical production sites 
Site Sampling locations Date of sampling 
Industrial site A 
- Waste deposit leachate water 
- Chlor-alkali electrolysis 
- Inflow (combined wastewater from different 
production sites before treatment unit) 
- Outflow 
4 sampling campaigns: 
27.06.2007, 
19.07.2007, 
02.08.2007, 
15.08.2007. 
Industrial site B 
- Outflow B1 
- Outflow B3 
- Outflow B4 
08.11.2007 
22.11.2007 
22.11.2007 
Industrial site C - Outflow C1 
- Outflow C2 
21.11.2007 
07.11.2007 
Industrial site D 
- Outflow D1 
- Outflow D2 
19.11.2007 
Industrial site E - Outflow E 12.11.2007 
 
 
 
 
 
 
 
 
34 
 
3  Identification and chemical characterization of specific organic markers in the effluents from chemical production sites 
 
 
WTP
Combined wastewater 
(Inflow) 
Discharge into a river 
(Outflow) 
Further production units 
Waste deposit 
seepage water Chlor-alkali electrolysis   
 
 
 
 
 
 
 
 
Fig. 3.1:  Scheme of wastewater sampling sites (shaded area) at industrial site A. WTP – wastewater treatment plant 
 
3.2.2 Chemicals and glassware 
Only glass, metal and PTFE equipment was used in the laboratory in order to minimise possible 
contamination. All glassware was cleaned by ultrasonic agitation in water containing detergent (Extran, 
Merck, Germany) and rinsed with water followed by high-purity acetone and n-hexane. The solvents 
were purchased from Merck, Germany, and distilled over a 0.5 m packed column (reflux ratio 
approximately 1:25). The solvent purity was tested by gas chromatographic analyses. Anhydrous 
granulated sodium sulphate (Merck, Germany) and hydrochloric acid (Merck, Germany) needed for the 
analytical procedure were cleaned by their extraction with pure acetone. The results of blank analyses 
indicated that none of the compounds presented in this study was detected in the blank.  
 
3.2.3 Extraction 
The extraction method used has been previously described in detail (Dsikowitzky et al., 2002). Briefly, a 
sequential liquid–liquid extraction procedure was applied to approximately 500 mL and 1000 mL aliquots 
of the wastewater and river water samples, respectively, using n-pentane, dichloromethane and 
dichloromethane after acidification to pH 2 with hydrochloric acid. 50 mL of solvent were used for each 
extraction step. The first two extracts were spiked with 50 μL of a surrogate standard solution containing 
d34-hexadecane (6.0 ng/μL) and decafluoroacetophenone (7.0 ng/μL). 200 μL of surrogate standard 
containing 4-fluoroacetophenone (7.2 ng/µL) were added to the third extract containing the acidic 
components. Thereafter, the organic layers were concentrated by rotary evaporation at room temperature 
under reduced pressure to approx. 1 mL and dried by filtration over 1 g of anhydrous granulated sodium 
sulphate. Prior to GC- and GC/MS-analyses all the extracts (the third extract after derivatization, see 
section 2.4) were further concentrated at room temperature under ambient pressure. The final 
concentration volumes of wastewater extracts were: 50 µL (first two extracts) and 200 µL (the third 
extract).  
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3.2.4 Derivatization 
Prior to chromatographic analysis the acidic compounds in the third extract were derivatized to enhance a 
successful gas chromatographic separation and detection. For this purpose 1 mL of diazomethane solution 
was added to approx 0.5 mL of the extract which was simultaneously cooled in an ice bath. The vial was 
tightly closed and allowed to remain in the ice-water for 30 minutes. Thereafter, sample volume was 
reduced to approx. 200 µL at room temperature and ambient pressure.    
 
3.2.5 Gas chromatography (GC) and gas chromatography-mass spectrometry (GC/MS) 
Gas chromatographic analyses were performed on a GC 8000 gas chromatograph (Fisons Instruments, 
Germany) equipped with a ZB-1HT fused silica capillary column (30 m length x 0.25 mm ID x 0.25 µm 
df, Phenomenex, USA). The GC oven was programed from 60 to 300 °C at a rate of 3 °C min-1 after 3 
min at the initial temperature, and was kept at 300 °C for 20 min. The injection was carried out on a 
split/splitless injector at 270 °C, splitless time was 60 s. Hydrogen carrier gas velocity was 37 cm/s. 
Detection was conducted by a flame ionization detector (FID) at 300 °C.  
GC/MS analyses were carried out on a Trace MS mass spectrometer (Thermoquest, Egelsbach, Germany) 
linked to a Carlo Erba Mega Series 5140 gas chromatograph (CE, Milano, Italy) which was equipped 
with the same fused silica capillary column of the same dimensions as used for GC analyses. The 
temperature program and the injection conditions were also the same as described above. Helium carrier 
gas velocity was set to 30 cm s-1. The mass spectrometer was operated in electron impact ionization 
mode (EI+, 70 eV) with a source temperature of 200 °C. The mass spectrometer was scanning from 35 to 
700 amu at a rate of 0.5 s decade-1 with an inter-scan time of 0.1 s. 
 
3.2.6 Identification and quantification 
Identification of organic compounds was based on comparison of EI+-mass spectra with those of the 
reference compounds or mass spectral databases (NIST/EPA/NIM Mass Spectral Library NIST02, 
Wiley/NSB Registry of Mass Spectral data, 7th electronic version) and gas chromatographic retention 
times. For correction of inaccuracies of retention time, the retention times of the surrogate standard 
compound were used. 
Quantitative data were obtained by integration of selected ion chromatograms extracted from the total ion 
current. Quantification details are presented in Table 3.2. For quantification, response factors were 
determined from four-point linear regression functions based on calibration measurements with different 
compound concentrations. The concentrations (10-100 ng/µL, injection of 1µL) ranged within the 
expected values in the samples and within a linear detection range. For correction of injection volume and 
sample volume inaccuracies, the surrogate standard was used. The detection limit was in the range of 1 
ng/L. At concentrations of less than 5 ng/L, no attempts were made to quantify components. 
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Table 3.2: Selected contaminants in the wastewater from chemical production sites, their characteristic ion 
fragments and reference compounds used for quantification 
Compound m/z Reference compound used for quantification  (if different) 
Bromoform 173, 175  
1,2,3,4-Tetrachlorobutane 123, 125 1,1,2,2-Tetrachlorethane 
2-(Chloromethyl)-1,3-dioxolane 73  
Chlorobicyclo[3.2.1]oct-2-ene 113, 142 2-Chlorobicyclo[3.2.1]oct-2-ene 
Dichlorobenzene 146, 148 1,2-Dichlorobenzene 
Clorophenol 128, 130 2-Clorophenol 
Dichlorophenol 162, 164 2,4-Dichlorophenol 
Dichloroveratrol 191, 206 2,3-Dichloroanisole 
Trichlorobezoic acida  207, 209 2,3,5-Trichlorobezoic acid, methyl ester 
Dichloroaniline 161, 163  2,4- Dichloroaniline 
Trichloroaniline 195, 197 2,4,6-Trichloroaniline 
Chlorofluoroaniline 145, 147 5-Chloro-2-fluoroaniline 
Bromofluoroaniline 189, 191 2-Bromo-4-fluoroaniline 
4-Bromo-2,6-dichloroaniline 239, 241  
2-Bromo-6-chloro-4-fluoroaniline 223, 225 2-Bromo-6-chloro-4-fluoroaniline 
Chloroquinolinol 179, 181 5-Chloro-8-quinolinol 
Chloroindole 151, 153 5-Chloroindole 
5-Fluoroindole 108, 135 5-Fluoroindole 
Chlorothieno[2,3-c]pyridine 169, 171 2-Chlorobenzothiazole 
2,3,5,6-Tetrafluorophenolb 137, 180 2,3,5,6-Tetrafluoroanisoe 
3'-(Trifluoromethyl)-acetophenone 173, 188 3'-(Trifluoromethyl)acetophenone 
3,4-Dichloromethylthiobenzene 192, 194  
Dichlorothiophenolc 192, 194 3,4-Dichloromethylthiobenzene 
(derivatized from 3,4-dichlorothiophenol) 
Tetramethylbutanedinitrile 69 3'-(Trifluoromethyl)acetophenone 
3,3-Diphenyl-2-propenenitrile 165, 205 3'-(Trifluoromethyl)acetophenone 
N-Formylmorpholine 110, 115  
Dimercaptomethaned 61, 108 2,5-Dithiohexane (derivatized from 1,2-
dimercaptoethane) 
1,2-Dimercaptoethanee 61, 122 2,5-Dithiohexane (derivatized from  1,2-
dimercaptoethane) 
2-(Methylthio)acetic acida 74, 120  
TCPP 277  
TEP 127, 155  
Tributylphosphate (TBP)  99, 211  
TiBP 99, 211 TBP 
Dibutylmethylphosphonate (DBMP) 97 TEP 
Bisphenol A 213, 228  
TxiB 111  
Benzoic acida 105, 136  
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Table 3.2 (continued): Selected contaminants in the wastewater from chemical production sites, their characteristic 
ion fragments and reference compounds used for quantification 
Compound m/z Reference compound used for quantification  (if different) 
Phenylacetic acida 91, 150  
4-tert-Butylbenzoic acida 177, 192  
DIPN 197, 212  
 
a Methyl esters of corresponding acids were detected and quantified. 
b Methylation product 2,3,5,6-tetrafluoroanisole was detected and quantified. 
c  Methylation product dichloromethylthiobenzene was detected and quantified. 
d Methylation product 2,4-dithiopentane was detected and quantified. 
e Methylation product 2,5-dithiohexane was detected and quantified. 
 
 
3.3 Results and discussion 
The industrial effluents from five chemical production sites and wastewater samples collected within one 
of the chemical complexes were subject to the organic analyses. The obtained results demonstrated the 
molecular diversity of organic chemical pollutants in the industrial wastewaters. All qualitative and 
quantitative results are discussed with respect to the aspects of (i) the possible source specificity of 
contaminants acting as principal industrial molecular markers or site-specific indicators, and (ii) the 
distribution of organic compounds in various wastewater units within an industrial complex.  
Chemical industries were different in their production activities. Chemical complex A produces plastic 
powder and plastic granulates (polypropylene) for further industrial processing, PVC and intermediate 
products such as chlorine, caustic soda solution, dichloroethane, and hydrogen, plant protection products 
and intermediates, products including halogen-free flame-retardants, phosphate-free detergent raw 
materials and runway deicer, high temperature super conductors and monochloroacetic acid used in the 
manufacturing of special detergents, thickening agents, adhesives, crop protection substances, plastic 
stabilizers and pharmaceuticals. Another direction is the production of phosphorus products, i.e. 
phosphorus pentasulfide, a raw material for the manufacture of additives that are primarily used in the 
auto industry in lubricating materials. The chemical park also has on its territory a waste-to-energy power 
plant, combined gas-steam power plant, air separation plant involved in industrial gases production, 
biomaterials works and waste deposit site. Industry B produces a number of chemicals such as alcohols, 
aldehydes, carboxylic acids, esters, amines and other intermediate products which are used as raw 
materials in the manufacture of lacquers, paints, high solids and powder coatings, solvents, plasticizers, 
lubricants, rubber chemicals, diesel fuel and mineral oil additives, deicers, flavours and fragrances, 
agrochemicals, surfactants, pharmaceuticals, cosmetics etc. 
Industry C is a manufacturer of more than 4000 products including industrial chemicals, chlorinated 
compounds, polymers and solvents. Steam and electric power plants located on its territory produce the 
energy needed for the chemical park. 
The production area of industrial plant D covers the manufacture of synthetic fibres, lacquers and paints, 
synthetic materials as well as paper. In addition, this chemicals plant provides special products for food, 
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cosmetic and pharmaceutical industries, as well as materials for printing inks, chromatography, catalysis 
and nanotechnology.  
Industrial site E is involved in the manufacture of soda, sodium bicarbonate, sodium hydroxide, 
allylchloride, glycerine, epichlorohydrin, PVC, polyarylamide as well as filling materials and other raw 
materials and substances used in the production of various cleaning and disinfection products, health care 
and hygiene products and in paper and food industry. 
 
3.3.1 Constituents of the effluents from chemical production plants 
Based on the GC/MS non-target screening analyses of wastewater effluents from five different chemical 
production plants, the identification of a wide variety of organic pollutants has been performed. The 
compounds identified in the industrial effluents are presented in Table 3.3 and arranged, considering their 
principal molecular structural properties, in the groups of halogenated, nitrogen, sulphur, phosphorous 
and oxygen containing compounds and aromatic hydrocarbons. Furthermore, the results from four 
different sampling campaigns at industrial plant A are presented. The spectrum of organic constituents 
with respect to structural diversity and quantitative representation is illustrated in Figs. 3.2, 3.3, 3.5 with 
the chromatograms of the outflow wastewater extracts containing various hydrophobic compounds 
(individual molecular structures corresponding to peak numbers on the chromatograms are shown in Figs. 
3.2, 3.4, 3.6). Some of the substances are well known and ubiquitous pollutants. However, many of the 
compounds were identified for the first time in industrial effluents. For certain constituents, a lack of 
information on their industrial and technical applications as well as insufficient knowledge of their 
ecotoxicological properties was pointed out. Hereafter, all the detected compounds are discussed with 
respect to their ability to act as potential molecular markers. Complete screening list and quantitative data 
are provided in the Appendix (Tables A1-A3). 
 
 
3  Identification and chemical characterization of specific organic markers in the effluents from chemical production sites 
Table 3.3: Organic compounds identified by non-target screening in the effluents from chemical production sites 
Industry A Industry B Industry C Industry D Compound 
27.06.2007 19.07.2007 02.08.2007 15.08.2007 B1 B3 B4 C1 C2 D1 D2 
Halogenated compounds            
1,2,3,4-Tetrachlorobutaneb + 0
+
+
0
++
0
0
0
+
+
+
+
0
+
0
0
0
0
           
2-(Chloromethyl)-1,3-dioxolaneb            
Dichlorobenzeneb ++ ++ + ++        
Dichloroveratrolb              
Dichloroanilineb + + + 0        
Trichloroanilineb + + 0         
3,4-Dichloromethylthiobenzenea            
3'-(Trifluoromethyl)acetophenonea + ++ + ++        
Trichlorobenzoic acidsc  0  0 0        
Nitrogen-containing compounds            
1,4-Dimethylpyrazolb             
4-Nitrosomorpholineb            
N-Formylmorpholinea            
N-Acetylmorpholineb            
Tributylaminea            
Tris(2-ethylhexyl)amineb            
Trioctylamineb            
Triisooctylaminesb             
N,N-Dibutyldecanamineb            
N,N-Dibenzylaminea            
N-Benzylidenebenzylamineb            
N-Nitrosodibenzylamineb            
5-Methyl-1,3-diazaadamantan-6-oneb            
N-Methylpyrrolidoneb            
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Table 3.3 (continued): Organic compounds identified by non-target screening in the effluents from chemical production sites 
Industry A Industry B Industry C Industry D Compound 
27.06.2007 19.07.2007 02.08.2007 15.08.2007 B1 B3 B4 C1 C2 D1 D2 
Tetramethylbutanedinitrileb 0 + + +        
Benzenepropanenitrileb     0
0
0
++
+
+
+
++
0
0
+
0
       
3,3-Diphenyl-2-propenenitrileb 0 0 0         
N-Benzylbenzamideb            
N,N-Dibutylbutanamideb            
Tetramethylcuccinimideb        +    
Sulfur-containing compounds            
Dimercaptomethaneb, d ++ ++ ++ ++       ++ 
1,2-Dimercaptoethanea, e ++ ++ ++ ++        
Dithiolaneb            
1,3-Dithianeb            
1,2,4-Trithiolaneb      +     ++ 
Trithianesb             
1,2,4,5-Tetrathianeb            
1,2,4,6-Tetrathiepaneb            
Hexathiepaneb            
Trithiapentaneb,f            
Trithiahexaneb            
Mercaptobenzoic acidb, g             
2-(Methylthio)acetic/ Mercaptoacetic acidb, c ++ ++ ++ ++        
Tetrahydrothiophene-2,5-dicarboxylic acidb, g + + ++ +        
2-Mercaptoethanolb, h + + + +        
Phosphorus-containing compounds            
Tris(chloropropyl) phosphates (TCPP)a 0 + 0 0   0     
Triethylphosphate (TEP)a ++ + 0 0     0   
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Table 3.3 (continued): Organic compounds identified by non-target screening in the effluents from chemical production sites 
Industry A Industry B Industry C Industry D Compound 
27.06.2007 19.07.2007 02.08.2007 15.08.2007 B1 B3 B4 C1 C2 D1 D2 
Triisobutylphosphate (TiBP)b          0  
Dibutylmethylphosphonate (DBMP)b + + 0 ++        
Triphenylphosphine oxide (TPPO) a         0
0
0
0 +
+
0
0
0
   
Oxygen-containing compounds            
5-Ethyl-2,4-dipropyl-1,3-dioxaneb            
Tripropyltrioxaneb            
2,2,4-Trimethyl-1,3-pentanedioldiisobutyrate 
(TXIB)a 
           
Hydroxybenzoic acid, octyl esterb, i             
Ibuprofenb,c     0    0   
Benzoic acida, c 0 0 0   ++ 0     
3-Hydroxy-2,2-dimethylpropanoic acid, 3-
hydroxy-2,2-dimethylpropyl ester (HPHP)b 
     ++      
2-Ethylhexanoic acidb, c ++           
Triacetinb            
Polyromatic and other compounds            
Diisopropylnaphthalene (DIPN)a            
trans- and cis-Decalinb      + +     
Octahydro-4,7-methano-1H-indeneb            
S8b      +     + 
 
a Identified by comparison of GC and mass spectral data with those of reference 
compounds. 
b Identified of mass spectral data with those of mass spectral databases. 
c Detected as methylester. 
 
d Detected as methylation product dithiopentane. 
e Detected as methylation product dithiohexane. 
f Detected as methylation product trithiahexane.g Detected as dimethylester. 
h Detected as methylation product 2-(methylthio)ethanol 
i Detected as methylation product octyl methoxybenzoate.   
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Fig. 3.2: Total ion chromatogram of the pentane extract of an effluent from industry A sampled on 27.06.2007 
(individual molecular structures corresponding to peak numbers) 
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Fig. 3.3: Total ion chromatogram of the pentane extract of effluent B3 and DCM extract of effluent C1. Peak 
numbers correspond to the chemical structures on Fig. 3.4 
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Fig. 3.4: Chemical structures of the identified compounds shown in the chromatograms of Fig. 3.3 
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Fig. 3.5: Total ion chromatogram of the derivatized DCM extract of effluent D2 and pentane extract of effluent 
E. Peak numbers correspond to the chemical structures on Fig. 3.6 
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Fig. 3.6: Chemical structures of the identified compounds shown in the chromatograms of Fig. 3.5 
 
3.3.1.1 Non-specific contaminants 
Non-specific environmental contaminants are represented by compounds that have been already 
reported to originate from municipal and industrial waste. For some of them, i.e. dichlorobenzene, 
triethylphosphate (TEP), tris(chloropropyl) phosphate (TCPP), tributylamine, benzoic acid, high 
concentration values (up to 230 μg/L) in industrial effluents have been observed (Table 3.4).  
Dichlorobenzene  (peak 2, Fig. 3.2) detected in the effluents of industrial plant A from all the sampling 
dates (0.8 µg/L-14 µg/L) is used as a solvent for various industrial processes, as a degreasing agent for 
metals, leather, wool; as an ingredient of metal polishes (O’Neil, 2006). It is also an intermediate in 
the manufacture of dyes and agricultural chemicals. This compound has proved to be estrogenic 
(Versonnen et al., 2003) and to possess developmental, genetic and reproductive toxicity for aqueous 
organisms (Pagano at al., 1988).  
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Trichlorobenzoic acid detected in the effluent of industry A at a concentration of 0.8 µg/L is known 
for its former use in herbicide formulations. 2,3,5-Trichlorobenzoic acid hydrazide can be also applied 
for the synthesis of various triazole derivatives exhibiting promising antimicrobial and anti-
inflammatory activities (Karegoudar et al., 2008). The toxicity of trichlorobenzoic acid has been 
already reported by Davis & Hardcastle (1959). 
Unspecific phosphorous containing compounds found in the effluents of chemical plants are TCPP, 
TEP and triisobutylphosphate (TiBP). Two isomers of TCPP were identified in the effluents of 
industrial complex A during all sampling campaigns at concentrations of up to 23 µg/L. 
Concentrations of up to 0.7 µg/L have been observed in our former work in the effluents of a 
petrochemical plant (Botalova et al., 2009). TEP was found at concentrations of up to 9.4 µg/L and 0.3 
µg/L in the effluents of industry A and in effluent C2, respectively. TEP is a known industrial solvent, 
plasticizer for resins, plastics, gums, fire-retarding agent, defoamer as well as a raw material to prepare 
insecticides (Lewis, 2001). It has been often described as a persistent and ecotoxic surface and 
groundwater contaminant (Fukushima et al., 1992). TiBP, a solvent used for liquefying concrete, 
processing chemical synthesis, textile auxiliaries, paper coating compounds, etc, was detected in the in 
effluent D1 at concentration of 0.1 µg/L. It is a known environmental contaminant and has been 
previously reported in the crude wastewater from a complex chemical production site (Wortberg et al., 
2006). 
2,2,4-Trimethyl-1,3-pentanedioldiisobutyrate (TXIB, peak 21, Fig. 3.3) was observed in effluents B1, 
C1, and D1 at concentrations of 0.1 μg/L - 0.5 μg/L. TXIB is used as a plasticizer for the manufacture 
of PVC and vinyl plastics. It is a component of high-density polyethylene pipes for drinking water and 
was found to migrate into the water (Skjevrak et al., 2003). The occurrence of TXIB in the Elbe river, 
Rhine river, and Lippe river water has been reported by Franke et al. (1995b), Hendricks et al. (1994), 
and Dsikowitzky et al. (2004a), respectively. Its medium toxicity to fish and Daphnia magna was 
indicated in the report of Danish EPA (2001). To our knowledge, TXIB has not been identified in 
industrial effluents so far.  
Major non-specific components identified in the effluents of industry D in high amount were presented 
by diisopropyl adipate, cyclic polysulfides, and 1,4-dimethylpyrazol. These compounds are often 
found in the municipal and various industrial discharges. 
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Table 3.4: Contaminant concentrations (µg/L) in effluents (outflow) from chemical production sites 
Industry A Industry B Industry C Industry D 
Compound 
27.06.2007 19.07.2007 02.08.2007 15.08.2007 B1 B3 B4 C1 C2 D1 D2 
Halogenated compounds            
2-(Chloromethyl)-1,3-dioxolane        0.7    
Dichlorobenzene 14 9.4 0.8 2.4        
Trichlorobezoic acids 0.8  1.1 0.8        
Dichloroaniline 4.4 4.8 0.5 0.2        
Trichloroaniline 0.7  0.2         
3'-(Trifluoromethyl)acetophenone 0.3 5 2.7 0.7        
3,4-Dichloromethylthiobenzene  0.5           
Nitrogen-containing compounds            
Tetramethylbutanedinitrileb 0.5 0.7 1.4 0.8        
3,3-Diphenyl-2-propenenitrile 0.2 0.4 0.5         
Tributylamine      5.1      
Tris(2-ethylhexyl)amine      0.2      
Trioctylamine      0.7      
N,N-Dibutyldecanamime      0.03      
N,N-Dibenzylamine          0.8  
N-Benzylidenebenzylamine            0.1   
Phosphorus-containing compounds            
TCPP 1.3 23 1 0.5        
TEP 9.4 2.3 0.4 0.4     0.3   
TiBP          0.1  
DBMP 2.9 2.1         0.2 11        
Sulfur-containing compounds            
Dimercaptomethane 970 1200 1200 2000       260 
1,2-Dimercaptoethane 820 1300 1300 1700        
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Table 3.4 (continued): Contaminant concentrations (µg/L) in effluents (outflow) from chemical production sites 
Industry A Industry B Industry C Industry D 
Compound 
27.06.2007 19.07.2007 02.08.2007 15.08.2007 B1 B3 B4 C1 C2 D1 D2 
2-(Methylthio)acetate/ Mercaptoacetate 23 38 79 45        
Oxygen-containing compounds            
TXIB     0.5   0.5   0.1 
Benzoic acid 0.3 0.2 0.5   230 0.2     
Polyromatic compounds            
DIPN     0.1       
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3.3.1.2 Indicative industrial contaminants 
A wide range of indicative substances identified in this study have been previously reported to stem 
exclusively from industrial emissions. Some of them represent contaminants that are common for 
many chemical manufacturing sites and were detected in the effluents of more than one industrial 
plant presented in this paper. Nevertheless, several groups of chemicals were detected in the 
wastewaters of a certain chemical industry depending on its production specificity and can be 
distinguished as site-specific markers.  
Halogen containing compounds (chlorinated and fluorinated hydrocarbons) were mainly detected in 
the effluents of chemical plant A at notable concentrations. Di- and trichloroanilines were identified in 
the effluents of industry A at concentrations of up to 4.8 μg/L and 0.7 μg/L, respectively. 2,4-
Dichloroaniline is used as an intermediate in the production of plastics, dyestuffs, pesticides and 
pharmaceuticals (Struijs & Rogers, 1989). It is a known constituent in the wastewaters from organic 
chemicals industry and had been previously detected in the rivers Rhine and Meuse (Netherlands) at 
concentrations of 0.76 mg/L and 0.32 mg/L, respectively (Wegman & De Korte, 1981). Evidence on 
fish toxicicty of 2,4-dichloroaniline has been stated by Verschueren (1983). 2,4,6-Trichloroaniline, a 
toxic environmental contaminant, is an intermediate in the manufacture of chlorinated benzene 
derivatives and is useful in the formation of fungicides and mono-azo dyestuffs (Mitchell et al., 1984). 
2,4,6-Trichloroaniline can be released to the environment during the industrial production of dyes and 
pigments and also during microbial and/or chemical degradation and photodecomposition of various 
pesticides. 
Further three compounds (3’-(trifluoromethyl)acetophenone, dichloromethylthiobenzene and 2-
(chloromethyl)-1,3-dioxolane) have been reported here for the first time as industrial wastewater 
constituents. 3’-(Trifluoromethyl)acetophenone used for the preparation of pesticides and 
intermediates in medicine synthesizing was detected in the effluents of industrial plant A from all 
sampling campaigns at concentration of up to 5 μg/L. Dichloromethylthiobenzene was detected in the 
effluent of industry A at a concentration of 0.5 μg/L. It is usually obtained by methylation of 
dichlorothiophenol (Haraguchi & Bergman, 1991). 2-(Chloromethyl)-1,3-dioxolane (peak 17, Fig. 3.3) 
was found in effluent C1 at a concentration of 0.7 μg/L. To our knowledge, there is no information on 
industrial applications of these two substances in the literature.  
Dibutylmethylphosphonate (DBMP) was identified in the effluents of industry A from all sampling 
campaigns at concentrations up to 11 μg/L. It has been previously found to be a chemical impurity in 
the commercial dimethyl methylphosphonate samples used as a chemical weapon precursor (Hoggard 
et al., 2010). In the tests with Vibrio and Photobacterium cultures DBMP has revealed higher toxicity 
than other alkylphosphonate derivatives (Thomulka et al., 1996). The occurrence of DBMP in 
industrial effluents and in ecosystems has not been reported so far.  
A group of sulphur containing compounds detected in the effluent from industrial plant A are 
dimercaptomethane, 1,2-dimercaptoethane, 2-mercaptoethanol, and 2-(methylthio)acetic or 
mercaptoacetic acid, respectively. Dimercaptomethane appearing in the effluents at concentration of 
up to 2000 µg/L is a chemical intermediate, used in the manufacturing of flavour concentrates of all 
types (FAO JECFA, 2007). It is reported to be a minor product in the synthesis of azaphospholines 
which are intermediates in the pharmaceutical production of phosphazole derivatives (Kamalov et al., 
1994).  Interestingly, dimercaptomethane was the only sulphur-containing compound detected in 
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effluent D2 at concentration of 260 µg/L. Therefore, it can be suggested as a industrial marker for food 
industrial brunches. 1,2-Dimercaptoethane detected in the effluents of industry A at concentrations of 
up to 1700 µg/L is a known complexing agent and widely used in organic chemistry (Lewis, 2001). 
Fish mortaliy has been observed by Bingham et al. at 1,2-dimercaptoethane concentration of 10 mg/L 
in 2 to 14 hr (2001). Dimercaptomethane and 1,2-dimercaptoethane can be prepared from 
mercaptoalcohols by oxirane addition, as well as from mercaptoacids and mercaptonitriles by 
Michael-type additions (Kirk-Othmer, 1997). This can explain the appearance of 2-mercaptoethanol 
and probably mercaptobenzioc acid derivatization products in the effluent samples. Methylthioacetic 
acid methyl ester was detected in derivatized DCM extracts of the effluent at concentrations up to 79 
µg/L. Methylthioacetic acid is an important sulfur-containing compound involved in a variety of 
chemical and biological reactions. A study of natural food flavours found that methylthioacetic acid is 
one of the biotransformation products of the cysteine-aldehyde conjugate by baker’s yeast (Huynh-Ba 
et al., 2003). 2-(Methylthio)acetic acid was for the first time detected by Schwarzbauer & Heim (2005) 
in the Rhine river. Mercaptoacetic acid is a raw material in the manufacture of fine and specialty 
chemicals in the pharmaceutical and agricultural sectors. The ecotoxicological properties of both 
compounds have not been investigated. 
Tetrahydrothiophene-2,5-dicarboxylic acid found in noticeable amounts in the effluents from industry 
A is an unknown environmental contaminant. Very little data exist on the industrial application of this 
substance in the literature. Its diesters are useful as intermediates for the production of various 
medicinals and chemicals.  
Nitrogen containing compounds in the industrial effluents include tetramethylbutanedinitrile, 3,3-
diphenyl-2-propenenitrile, 5-methyl-1,3-diazaadamantan-6-one and tertiary amines. 
Tetramethylbutanedinitrile and 3,3-diphenyl-2-propenenitrile (peak 6, Fig. 3.2) were identified at 
notable concentrations (up to 1.4 µg/L and 0.5 µg/L, respectively) in the effluents of industry A. 
Tetramethylbutanedinitrile is a decomposition product of 2,2’-azobisisobutyronitrile used as a 
polymerization initiator for monomers in plastic production. Ishiwata et al. has reported on the trace 
amounts of this compound released into foods from their PVC containers (1994). Therefore, taking 
into consideration that PVC production is one of the majour manufacturing activities at industrial 
complex A, this substance can act as a possible site-specific marker and industrial indicator for the 
polymer production process. Tetramethylbutanedinitrile is potentially persistent in the aqueous 
environment. 3,3-Diphenyl-2-propenenitrile has not been reported as a wastewater constituent or an 
environmental pollutant so far. It is formed as a minor product in the consecutive reaction of 
acrylonitrile with iodobenzene (Wali et al., 1996) and used in the synthesis of benzotrifluorides which 
are important molecules for agricultural and pharmaceutical applications (Adams at al., 1998). 
Relatively small amounts of 5-methyl-1,3-diazaadamantan-6-one (peak 10, Fig. 3.3) were detected in 
effluent B3. This compound is for the first time reported in this work as a constituent of industrial 
wastewaters. The data on physico-chemical properties of 5-methyl-1,3-diazaadamantan-6-one are 
unknown. 1,3-Diazaadamantane systems are of pharmacological interest due to their potential central 
nervous system active properties (Subha Nandhini et al., 2002).  
The group of secondary and tertiary amines is presented by tributyl-, trioctyl-, triisooctylamines, tris-
(2-ethylhexyl)amine, N,N-dibutyldecanamime, N,N-dibenzylamine, benzylidenebenzylamine and N-
nirosodibenzylamine. Tributyl- and trioctylamines, tris(2-ethylhexyl)amine and N,N-
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dibutyldecanamine (Fig. 3.3) were detected in effluent B3 at concentrations from 0.03 µg/L to 5.1 
µg/L. These compounds can be attributed to the site-specific contaminants for industrial plant B as 
butyl-, octyl- and 2-(ethylhexyl)amines are known to be produced by this chemical manufacturer. 
They are used as raw materials for rubber chemicals, pesticides, lubricants, detergents, photographic 
chemicals, corrosion inhibitors, explosives, fuel additives, dyes and pharmaceuticals (Sanders et al., 
2001) as well as extraction reagents (Uslu & Kirbaşlar, 2010). Most of them are known to be toxic to 
aquatic organisms and may cause long-term damage in the environment.  
Trace amounts of N-nitrosodibenzylamine were also detected in effluent B1. This compound is 
commonly used as material of rubber and plastic goods, which corresponds to the production 
specificity of industrial site B. The compound can be liberated from nitrosation of zink 
dibenzyldithiocarbamate used in the rubber vulcanization process (Appel et al., 1990). N-
Nitrosodibenzylamine has been detected in smoked hams that had been packaged in elastic rubber 
nettings where zink dibenzyldithiocarbamate had been used for the formulation of the rubber (Sen et 
al., 1997).  
N,N-Dibenzylamine identified in effluent D1 at concentrations of 0.8 µg/L is used as a corrosion 
inhibitor, as an intermediate in the production of gasoline additives and pharmaceutical products, and 
in rubber and tire compounding to prepare rubber accelerator for the vulcanization process and 
reaction-stoppers. This compound like N-nitrosodibenzylamine might be transferred into ham from 
elastic rubber netting (Helmick, 1994). N,N-Dibenzylamine was found in the wastewater from coal 
materials subject to supercritical water oxidation (Ding et al., 1996). At the same time 
benzylidenebenzylamine (0.1 µg/L in effluent D1) was reported by Tsao et al. as one of major 
intermediates of this process (1992). It has been also mentioned by Houser et al. (1992) as a 
constituent in hazardous material disposals. The presence of N,N-dibenzylamine and N-
nitrosodibenzylamine in pore water of the lake Bant sediments (Germany) was reported by 
Schwarzbauer et al. (2010) pointing at their possible release by dumped ammunition. N,N-
Dibenzylamine is a known mammalian carcinogen; mutagenicity of N-nitrosodibenzylamine to 
Salmonella typhimurium has been reported by Schmezer at al. (1990). No information on ecotoxicity 
of dibenzylamine and its derivatives has been known so far.  
High content of, 3-hydroxy-2,2-dimethylpropyl ester of 3-hydroxy-2,2-dimethylpropanoic acid 
(HPHP) was detected in effluent B3. HPHP is used as an intermediate in the manufacture of binding 
agents and coil and powder coatings (BASF AG, 2006). The compounds can serve as a possible 
industrial marker for this production line as the industry B is specialized on the production of raw 
materials for powder coatings. It is also used as a monomer in the manufacture of polyurethane/acrylic 
graft copolymers. The compound is relatively persistent in the aqueous environment and has shown 
toxicity to fish, aquatic invertebrates and plants, and bacteria (EPA, 2009).  
Triacetin detected in effluent D1 is used mainly as a cellulosic plasticizer in manufacture of cigarette 
filters, plasticizer for laminating resins, vinylidene polymers and copolymers. It is also used as a 
solvent and carrier in pharmaceutical preparations, in the compounding of perfumes and flavors, as 
well as an ingredient for printing inks and useful reagent in textile dyeing and manufacture of 
photographic films. These applications can explain the appearance of triacetin in the effluent of 
industrial plant D that is specialized on the manufacture of paper, special cosmetic and pharmaceutical 
products as well as materials for printing inks, therefore it can be suggested to act as a potential 
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marker for these industrial processes. It is a known contaminant in propellant (Attaway, 1994) and 
industrial wastewaters (Rivera et al., 1987) as well as in surface water (Franke et al., 1995b; 
Schwarzbauer & Ricking, 2010).   
The wastewater from industrial plant E did not show a high molecular diversity of the organic 
constituents. In detail, analysis of the effluent from industrial plant E revealed a number of chlorinated 
compounds. For the majority of compounds present in abundance in the wastewater the molecular 
structure could not be determined. Nevertheless, the fragmentation patterns showed the evidence on 
the substances representing the class of chlorinated ethers and other structures containing from one to 
three or more chlorine atoms. Among them the structures of 2-propenyl ester of trichloroacetic acid, 
bis(1,3-dichloro-2-propyl)ether and 1,3-dichloro-2-propyl-2,3-dichloro-1-propylether (peaks 31, 32, 
and 33, respectively, Fig. 3.5) were determined.  
Two bis(dichloropropyl)ether isomers are byproducts of industrial epichlorohydrin production which 
is one of the main production activities at the plant E. This allows their consideration as industrial 
markers for epichlorohydrin production process. The formation of C6 chloroethers proceeds as a side 
reaction in systems containing the allylchloride, epichlorohydrin and chlorine (Beger et al., 1983). 
First they have been detected in epichlorohydrin and petrochemical plant effluents in the Netherlands 
and the United States (De Leer, 1985; Dorn & Rodgers, 1989). Since 1990 they are monitored in 
European surface water samples with maximum concentrations up to almost 50 μg/L found in the Elbe 
river in Germany (Franke et al., 1998). Interestingly, the differences in isomeric composition of 
bis(dichloropropyl)ethers obtained from different sampling locations had been observed in those data. 
For example, Franke et al. has reported the presence of tree isomers of C6 chloroethers in the Elbe 
River and its tributaries (1995a). In 1998 the authors indicated the occurrence in the German Bight of 
the North Sea receiving waters from the Elbe river of only two isomers (corresponding to the peaks 32 
and 33; see Fig. 3.5), with relative amounts of 20-32% and 68-80%, respectively, but in our case the 
reverse pattern of isomeric composition was observed, in particular, relative abundance of isomer 32 is 
much higher than that of isomer 33. This can be explained by differences in the control parameters 
production process at various industrial sites. Another reason for this phenomenon can be referred to 
the specific biological treatment methods applied to the wastewaters from different contamination 
sources. 
The influence of the bis(dichloropropyl)ether isomers on the environment has not been fully 
investigated. Residues of these contaminants were determined in fish from the Elbe River (Kruse, 
1996). The acute toxicity in marine organisms of a mixture containing chloroethers was determined by 
Dorn et al. (1991). Mutagenicity was revealed in Salmonella typhimurium strains. Toxicologic 
investigations on Salmonella typhimurium have exhibited the genotoxic and carcinogenic activities of 
another bis(dichloropropyl)ether isomer in the 4.5-45.5 μg/mL dose range (Neurath et al., 2000).  
2-Propenyl ester of trichloroacetic acid has been described as a wastewater component in this work for 
the first time. No information on the physico-chemical properties and industrial application has been 
reported in the literature so far.  
The results obtained in the first part of our work allowed the identification of several compounds 
possessing distinctive source specificity that can be confirmed in comparison with the data on the 
pollutant distribution in the river systems under discharge from corresponding industrial sites.  
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3.3.2 Contaminant distribution in the wastewater within chemical complex A 
The second part of this study represents the results of analyses of the wastewater, which was sampled 
within chemical complex A. In particular, the wastewater from individual production sites (e.g. chlor-
alkali electrolysis subunit), leachate water from waste deposit and combined wastewater including the 
discharges from several different production subunits allowed the insight into the contribution of 
individual production processes to the total outflow. The aim was to distinguish specific compounds 
distributed in the wastewater within the chemical production complex, which could play an important 
role as indicators for the incident scenarios. This can assist substantially the monitoring of pollution in 
the aqueous environment resulting from accidents during industrial operations or malfunctions of the 
wastewater treatment facilities.  
The description of the contaminant occurrence and distribution within the chemical manufacturing 
plant includes the groups of the wastewater constituents exhibiting high concentrations as well as of 
those that were successfully degraded during treatment process and those that were still present in the 
effluents. The qualitative and quantitative data are presented in Table 3.5.  
Among a number of chemicals, a group of compounds completely degraded after wastewater 
treatment was distinguished. That mainly includes halogenated compounds (dichlorothiophenol, 
chlorinated phenols, chloro-, bromo-, fluoroanilines, chloro- and fluoroindoles, chloroquinolinol, and 
2-chlorothieno[3.2-c]pyridine) were detected exclusively in the inflow wastewater (27.06.2007) at 
concentration range from 0.8 μg/L to 140 μg/L. 
Dichlorothiophenol was detected at a concentration of 3.7 μg/L in the influent water from industry A 
in the first sampling campaign (27.06.2007). 3,4-Dichlorothiophenol is used as a trapping agent in 
various biochemical processes (Benvenuto et al., 1995). Its methylation product 
dichloromethylthiobenzene identified in the same effluent sample at a concentration of 4.7 μg/L was 
only partially degraded after wastewater treatment. This allows an assumption that methylation of 
dichlorothiophenol could take place during wastewater treatment and lead to the formation of more 
persistent contaminant. 
Chlorofluoroaniline detected at a concentration of 54 μg/L in the inflow wastewater (27.06.07) is used 
in the manufacture of pharmaceuticals and herbicides. It is relatively unknown environmental 
contaminant, although one isomer 3-chloro-4-fluoroaniline has been detected in the groundwater from 
a former ammunition plant in Germany highly contaminated with nitroaromatic compounds 
(Zimmermann at al., 2004).  
4-Bromo-2,6-dichloroaniline found in the inflow from the same sampling date at a concentration of 
0.8 μg/L is an intermediate in the synthesis of agricultural chemicals, azodyes, and pigments and in 
pharmaceuticals containing dichloroaniline moiety and can result from the reaction of N-
bromosuccinimide with 2,6-dichloroaniline (Latli et al., 2008). Interestingly, dichloroaniline is also 
present the wastewater sample at a very high concentration (120 μg/L). The latter was detected in the 
inflow wastewater from all sampling campaigns as well as in the leachate water and has not been 
degraded after wastewater treatment.  
To our knowledge, all these halogenated anilines and heterocyclic compounds have not been described 
yet as wastewater constituents and surface water contaminants as well as no information on possible 
toxicity to aquatic organisms has been found in literature. Most of them are used as raw materials and 
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intermediates in pharmaceutical synthesis, and taking into account there exclusive appearance in the 
influent wastewater they are can act as “alarm” indicators in case of possible malfunctions of 
wastewater treatment facilities as well as the potential indicators for drug manufacturing sites. 
Tributylphosphate (TBP) had been also completely degraded after the treatment process. TBP was 
detected in the inflow in the concentration range from 0.7 μg/L to 11 μg/L. Despite its non-specificity 
this substance can act as a potential site-specific marker in case of possible malfunctions in the 
wastewater treatment process providing that notable amounts of the contaminant are monitored in 
surface waters subject to the direct discharge from this industrial plant.  
 
 
 
 
 
3  Identification and chemical characterization of specific organic markers in the effluents from chemical production sites 
Table 3.5. Concentration (µg/L) of organic compounds identified by non-target screening in wastewater of industrial site A 
Chlor-alkali electrolysis Leachate water Inflow 
Compound 
27.06.2007 19.07.2007 15.08.2007 27.06.2007 19.07.2007 02.08.2007 15.08.2007 27.06.2007 19.07.2007 02.08.2007 15.08.2007 
Halogenated compo  unds            
Bromoforma 1.4 0.3          
1,2,3,4-Tetrachlorobutaneb        2.4 0.1  0.1 
Chlorobicyclo[3.2.1]oct-2-enesa     19 24 14 18     
Dichlorobenzeneb     0.2  0.2 130 13 17 20 
Chlorophenolb        4.7
54
0.8
2.8
140
8.4
4.1
4.7
3.7
unds
    
Dichlorophenolb      0.5 0.3 16  2 0.6 
Dichloroveratrolb             
Trichlorobezoic acidsa, c  14 4.2 5.6 0.7 1.4  0.1 8.6    
Dichloroanilineb    1.3 0.5  0.3 120 5.5 10 4.3 
Trichloroanilineb        4.5  0.1 0.6 
Chlorofluoroanilineb            
Bromofluoroanilineb        11   0.2 
4-Bromo-2,6-dichloroanilinea            
2-Bromo-6-chloro-4-fluoroanilinea            
Chloroquinolinolb            
Chloroindoleb            
5-Fluoroindolea        11   15 
Chlorothieno[2,3-c]pyridineb            
2,3,5,6-Tetrafluorophenola, d  0.7  0.7         
3'-(Trifluoromethyl)acetophenonea 0.1       2 1.4 43 1.7 
3,4-Dichloromethylthiobenzenea            
3,4-Dichlorothiophenola, e            
N-containing compo             
3,3-Diphenyl-2-propenenitrileb        0.7 22   
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Table 3.5 (continued): Concentration (µg/L) of organic compounds identified by non-target screening in wastewater of industrial site A 
Chlor-alkali electrolysis Leachate water Inflow 
Compound 
27.06.2007 19.07.2007 15.08.2007 27.06.2007 19.07.2007 02.08.2007 15.08.2007 27.06.2007 19.07.2007 02.08.2007 15.08.2007 
N-Formylmorpholinea 0.8 0.2 3.7         
Sulfur-containing compounds            
Dimercaptomethaneb, f  400  510     470 920 1200 540 
1,2-Dimercaptoethanea, g  580  290     260 2400 760 560 
2-(Methylthio)acetate / 
Mercaptoacetateb, c 
in g
21  34  3.1   56 120 11 67 
P-conta  in
72
unds
20
           
TCPPa 0.3     0.2 0.2 0.1 30 4.8 0.6 
TEPa   0.1      0.7 0.04 60 
TBPa        5.1 5.4 11 0.7 
DBMPb            
Oxygen-containing compounds            
Bisphenol Aa    8100 20000 5900 13000     
TxiBa 0.2 0.04 0.4         
Polyaromatic compo             
DIPNa            
 
a Identified by comparison of GC and mass spectral data with those of reference compounds. 
b Identified of mass spectral data with those of mass spectral databases. 
c  Detected as methylester. 
d Detected as methylation product 2,3,5,6-tetrafluoroanisole. 
e Detected as methylation product dichloromethylthiobenzene. 
f Detected as methylation product 2,4-dithiopentane. 
g Detected as methylation product 2,5-dithiohexane. 
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The quantitative data show that the degradation capacity of the treatment process was different with 
regard to the constituent composition of the wastewater. The load values for preselected contaminants 
were calculated using the corresponding flow rates presented in Table 3.6. For example, the loads of 
dichlorobenzene, dichloroaniline, trichlorobenzoic and 2-(methylthio)acetic appeared in the inflow on 
27.06.2007 at very high values, in particular, up to 1000 g/d, 910 g/d, 67 g/d, and 430 g/d, 
respectively, but decreased only to some extent after the treatment of the inflow wastewater (Fig. 3.7). 
Complete information on the load values of the compounds in the effluents and different production 
units of chemical production site A are presented in the Appeddix (Tables A4 and A5). 
For some of the substances, such as dimercaptomethane and 1,2-dimercaptoethane, considerable 
enrichment in the load values was observed (Fig. 3.7). The additional formation of these compounds 
can take place during the wastewater treatment at certain conditions. Very high loads of 
dimercaptomethane and 1,2-dimercaptoethane (from 39 g/d to 77 g/d) from the chlor-alkali 
electrolysis unit were observed on 26.06.07 and 15.08.07. 2-(Methylthio)acetic acid was discharged 
from this production subunit on the same days in up to 4.5 g/d. Anodic oxidation of mercury in the 
presence of 2-(methylthio)acetic acid was reported by Casassas et al. (1986), which can explain the 
presence of this compound in the wastewater from chlor-alkali electrolysis site.  
 
Table 3.6: Flow rates (m3/d) of the wastewater discharges from chemical production sites 
Flow rates at different discharge locations within site A 
Chlor-alkali 
electrolysis 
133 
Leachate 
water 
695 
Inflow/ 
Outflow 
7787 
Flow rates at outflow of other industrial sites 
B1 163 C1 16944 D1 127680 
B3 1690 C2 10560 D2 6192 
B4 1109     
 
2,3,5,6-Tetrafluorophenol was identified in the extract of the chlor-alkali electrolysis wastewater.  It 
appeared solely in the wastewater from this production unit at a concentration of 0.7 μg/L on 26.06.07 
and 15.08.07. 2,3,5,6-Tetrachlorophenol is a component of tetrafluorophenol (TFP)-activated resins 
which are reactive polymeric acylating and sulfonylating reagents useful for synthesizing pure single 
compound arrays of amides and sulfonamides (Salvino & Dolle, 2003). No further information on 
industrial applications and behaviour in aquatic environment has been reported so far. 
A group of substitution isomers of diisopropylnaphthalene (DIPN) was only once detected at a 
concentration of 20 μg/L in the wastewater from chlor-alkali electrolysis, sampled on 27.06.2010. We 
have previously found it in the effluent form an industrial plant producing oils and DIPN as one of its 
target downstream products (Botalova et al., 2009). The mixture of DIPN isomers was also identified 
in the sediments of the Rhine and Lippe rivers (Germany) by Franke et al. (2007). 
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Load, g/d 
 
 
Load, g/d 
 
Fig. 3.7. Contaminant loads of selected compounds in the wastewater of chemical production site A (27.06.2007) 
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The compounds identified solely in the waste deposit leachate water at very high concentration during 
all sampling campaigns were chlorobicyclo[3.2.1]oct-2-ene and bisphenol A. Although there is no 
information in the literature on industrial application of 3-chlorobicyclo[3.2.1]oct-2-ene, the 
possibility on its application in the synthesis of bicyclo[3.2.1]octan-3-one, moiety of which is present 
in a large number of natural products, has been reported by Chang et al. (2009). 
Chlorobicyclo[3.2.1]oct-2-ene was detected in the leachate water at a relatively stable concentration of 
up to 24 μg/L. In turn, the concentration of bisphenol A in the leachate water was in the range from 
5900 μg/L to 20000 μg/L. This compound is a chemical intermediate used primarily in the production 
of epoxy resins and polycarbonate products. Bisphenol A has been often identified in surface waters 
and, hence, has been the subject of considerable research into its potential effects on aquatic organisms 
(Staples et al., 2002). As it was shown by in their review on the available data, adverse effects on 
survival, growth, and reproduction of aquatic organisms occurred at concentrations of 160 µg/L and 
above. In case of defects in the waste deposit protection the discharge of such high amounts of 
contaminants into the environment can be harmful for the ecosystems. The absence of these 
substances in the inflow wastewater can be due to their treatment at separate facilities. 
 
3.4 Conclusion 
The comprehensive pattern of the structural diversity of the wastewater composition was depicted with 
the use of detailed non-target screening analyses of the industrial effluents from chemical 
manufacturing sites. Determination of indicative organic compounds acting as potential molecular 
markers of chemical production industries was possible due to (i) the elucidation of individual 
molecular structures, (ii) quantitative characterization of the organic constituents in the industrial 
effluents and (iii) review of their industrial applications. The determination of possible site-specific 
indicators and industrial markers corresponding to a certain production processes was performed in 
this work. The analyses also showed the additional formation of the compounds more persistent to the 
wastewater treatment (dichloromethylthiobenzene). Upon that, the non-target screening allowed the 
identification of new environmental contaminants that have never been detected in the industrial 
wastewaters and compounds for which the information on their industrial application and 
ecotoxicological effects is limited.  
The identification of industrial contaminants discharged directly to riverine systems by chemical 
manufacturing activities was extended to the evaluation of the chemical composition of the 
wastewaters from different production subunits within a chemical complex. This allowed the detection 
of a number of halogenated compounds of environmental concern and with very high molecular 
diversity that can contribute to the understanding of their complex ecotoxicological effect while being 
discharged to the aquatic environment. The understanding of the distribution of organic constituents in 
within an industrial plant is important for the evaluation of potential anthropogenic impact of the 
industrial discharges resulted from occasional releases of the pollutants during industrial accidents that 
can lead to unpredictable environmental effects due to the lack of ecotoxicological data for many of 
them. The summary of the possible candidates to act as branch- and site-specific markers as well as 
potential “alarm” indicators are presented in Table 3.7. 
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Table 3.7: Suggested industrial indicators, site-specific markers and “alarm” indicators identified in industrial 
wastewaters  
Site-specific 
Industry B, Raw materials Tributylamine 
 Trioctylamine 
 Tris(2-ethylhexyl)amine 
Industry A, PVC production Tetramethylbutanedinitrile 
Branch-specific 
Drug manufacturing Chlorofluoroaniline 
 Bromofluoroaniline 
 4-Bromo-2,6-dichloroaniline 
 2-Bromo-6-chloro-4-fluoroaniline 
 Chloroquinolinol 
 Chloroindole 
 5-Fluoroindole 
 Chlorothieno[2,3-c]pyridine 
Food industries Dimercaptomethane 
Epichlorohydrin production Bis(1,3-dichloro-2-propyl)ether 
 1,3-Dichloro-2-propyl-2,3-dichloro-1-propylether 
Intermediate for powder coatings 3-Hydroxy-2,2-dimethylpropyl ester of 3-hydroxy-2,2-
dimethylpropanoic acid (HPHP) 
Manufacturing of paper and printing inks Triacetin 
“Alarm” indicators 
Chlorofluoroaniline Chloroquinolinol 
Bromofluoroaniline Chloroindole 
4-Bromo-2,6-dichloroaniline 5-Fluoroindole 
2-Bromo-6-chloro-4-fluoroaniline Chlorothieno[2,3-c]pyridine 
 
In conclusion, the comprehensive evaluation of the industrial indicative compounds is a promising tool 
in the characterization and differentiation of industrial emissions from a wide spectrum of chemical 
branches and in the assessment of their environmental impact. Nevertheless, to prove the approach 
proposed in this study it is necessary to trace the distribution of organic pollutants in the river system 
subject to the discharges from corresponding industrial sites. This will be the main task in our 
prospective investigations on the determination of site specific industrial markers which would be 
valuable for the effective identification of specific emission sources. 
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4 Geochemical characterization of organic pollutants in effluents 
discharged from various industrial sources to riverine systems  
 
Abstract: The detailed characterization of the organic composition of industrial effluents discharged 
from various industrial branches and the distribution of the emitted pollutants in the surface waters in 
North Rhine-Westphalia have been done with the use of non-target screening analyses. Based on the 
characterization of molecular structures of wastewater constituents, their quantification as well as the 
available information on their origin and industrial applications, the identification of typical organic 
representatives for petrochemical and food effluents has been performed. Among a wide range of 
hydrocarbons detected in the petrochemical effluents, several novel organic wastewater constituents 
have been found for the first time in this work. In the effluents from paper production plant, potential 
industrial indicators were distinguished, such as resin acids (abietic and dehydroabietic acids) and 
photoinitiators (Irgacure 184). 
The monitoring of the behavior of certain environmentally relevant and newly described pollutants in 
the contaminated river systems allowed the identification of several industrial site-specific markers. 
Particularly, 2-(chloromethyl)-1,3-dioxolane, an unknown contaminant, exclusively found in the 
effluents from a chemical production complex, was present in the river under discharge at high 
concentrations downstream the contamination source. 
The comprehensive and detailed evaluation of the indicative compounds in the industrial effluents is a 
promising tool for the environmental assessment of industrial emissions, especially if accompanied 
with toxicological and ecotoxicological investigations of novel environmental contaminants. 
 
4.1 Introduction 
Direct industrial discharges introduce a substantial contamination load to surface waters. 
Environmental impact resulting from the pollution of natural aquatic systems is determined by the 
quality of wastewaters emitted by a variety of industrial branches. The composition of industrial 
effluents is characterized by the high structural diversity of constituents and their high concentration 
level. The complex composition of the industrial wastewater accounts for, in some cases, 
unpredictable toxicological and ecotoxicological effects. There are a number of studies dedicated to 
the investigation of composition of industrial effluents originating from various production branches, 
i.e. chemical manufacturing, paper, textile, tannery and leather industry (Lee et al., 1996; Knepper, 
2002; Di Marzio et al., 2005; Rojas & Ojeda, 2005; Soupilas et al., 2008). Furthermore, food 
production, petroleum refining as well as energy supply installations take a significant part in the 
organic pollution of the river systems in industrial and densely populated regions (Dunlap & 
McMichael, 1976; Colic et al., 2007; Botalova et al., 2009; Osho et al., 2010).  
Effluents from food industries usually show great variability in flow and composition, and are 
substantially organic and biodegradable. The primary wastewater pollutants associated with the food-
processing industry are food products, raw materials, solvents, detergents, cleaning agents, and 
disinfectants. For the most part, food-processing wastewaters are not considered to be hazardous to 
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human health (Stover & Eckhoff, 2003). Similar to petroleum and leather industries, food 
manufacturers (e.g. meat canning, pickled vegetables, olive oil mills, dairy products, fish processing) 
are likely to generate highly saline wastewater. The discharge of such wastewater containing at the 
same time high salinity and high organic content without prior treatment is known to adversely affect 
the aquatic life, water potability and agriculture (Antileo et al., 1997; Vitolo et al., 1999; Lefebvre & 
Moletta, 2006). The constituents of the wastewater from meat and poultry processing are classified by 
their potential effects on receiving water rather than as specific chemical compounds. In particular, 
only the values for COD, BOD, fats, oils, and greases are provided (Tarbox, 1993).  
The investigations on the effluents from power plants generally refer to their influence on the aquatic 
species (Ginn & O'Connor, 1978; Bamber, 1990; Poornima et al., 2005). In most cases, environmental 
concern is expressed with regard to the heated effluents released from power plants. The heat released 
by effluent canals from power plants to shallow estuaries in the Gulf of Mexico and Caribbean caused 
in some areas a rise in the ambient water temperature of +4°C, which resulted in intense damage to the 
near-shore seagrass communities (Thorhaug et al., 1978). According to the observation of Fan (1991), 
thermal effluent from a nuclear power plant bleached or killed some corals in shallow water near the 
outlet. The hatching success of California grunion (Leuresthes tenuis) was reported to be significantly 
reduced by heavy metals in the effluent from an electricity generating station (Ehrlich, 1977). 
Exotoxicological investigations on the effluents from various industrial branches have been performed 
in numerous studies (Dalzell et al., 2002; Araujo et al., 2005; Ma et al., 2007; Gana et al., 2008; 
Gartiser et al., 2009). Acute toxicity of water samples was shown by tests with the green alga 
Scenedesmus quadricauda, the microcrustacean Daphnia spinulata and other aqueous species (Di 
Marzio et al., 2005). The ecotoxicity tests with the protozoan unicellular organism Tetrahymena 
thermophilla, the crustacean Daphnia magna and the marine photobacterium Vibrio fischeri revealed 
up to 100% mortality for each organism exposed to the effluent samples collected from food industry 
effluents (Soupilas at al., 2008). Evidence on toxicity of the wastewater from a paper mill on Daphnia 
and rainbow trout was pointed by Dayeh et al. (2002). Resin acids were argued to be the main toxic 
components in pulp wastewaters (Kennedy et al., 1992). 1,2-Dihydrobenzene frequently found in 
cellulose bleaching effluents induced mutagenic effects in the tests with Salmonella typhimurium 
(Zaror et al., 2001).  
Being discharged directly to the surface waters, constituents of industrial effluents pose a significant 
threat to aquatic ecosystems (Ko & Baker, 2004; Vuillemin et al., 2007; Focazio at al., 2008; 
Schwarzbauer & Ricking, 2010). The occurrence and distribution of organic pollutants were studied at 
in an industrial area situated at the coastal zone east of Kavala (Northeastern Greece) contaminated 
with petrochemical effluents. Halogenated compounds, technical additives and synthetic fragrances, 
phosphates, phthalates, benzothiazoles, esters, ketones, phenols, ethers and PAH’s were detected in 
surface water samples at concentrations up to 98.4 μg/L (Grigoriadou et al., 2008a). In the study of 
Crowe et al. (2002) it was shown that oil sands effluents negatively affect seed germination in aquatic 
plants. 
Lack of systematic investigation on the industrial contamination regarding its source specificity 
encouraged us to develop an approach allowing facilitation of the efficient pollution source 
identification. In the previous work we succeeded in the proposing a possible industrial markers and 
site-specific indicators typical for certain branches and production lines of chemical manufacture 
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(Botalova et al., submitted for publication, see ch. 3). Among others, triacetin was suggested as a 
potential marker for the production of paper and printing inks. In another study we made an attempt to 
characterize the wastewater discharged from petroleum and oil producing complexes and indentify 
potential industrial indicators of petrochemical contamination sources (Botalova et al., 2009). Methyl 
phenyl and methyl tolyl sulfones were proposed as site-specific markers detected in the effluents and 
the river water. The approach is extended in this study to the effluent composition of a petroleum 
refinery, paper and meat production plants, and power station discharging their wastewaters to 
different rivers in North Rhine-Westphalia with the aim of determination of possible indicator 
substances specific for the industries under study. The results of the investigation are to facilitate the 
monitoring measures and efficient identification of pollution sources in riverine systems. 
 
4.2 Methods and materials 
 
4.2.1 Samples 
Effluent samples were taken in November 2007 from one petrochemical site, designated as 
petrochemical site C (petrochemical sites A and B are described in ch. 2), paper production and meat 
production plants as well as from a power station located in North-Rhine Westphalia, Germany.  
Water samples were collected from three rivers receiving discharge from different industrial sites 
including those described in this work as well as those from the previous investigations (Botalova et 
al., 2009; Botalova et al., submitted for publication, see ch. 3). The details of sampling campaigns and 
flow rates of the industrial discharges are given in Table 4.1. Sampling of water in river 1 was 
performed on July 10, 2008 along the flow section under discharge from chemical complex A. In river 
2, affected by the effluents from meat production site, chemical complex C and the power station, 
samples were taken on May 7, 2009. Water from river 3 subject to contamination from petrochemical 
sites A and C, and chemical complex B was collected on May 8, 2009. Information on the chemical 
complexes is given in ch. 3. Sampling from the rivers was carried at several sites on the longitudinal 
section: 0.1-1 km upstream and up to 55 km downstream the first discharge point. The samples were 
taken from surface water at a depth of approx. 30 cm. 
Wastewater samples and water samples from river 1 were filled in intensively precleaned 1L 
aluminium bottles with alumina coated screw caps. 2L brown glass bottles were used for sampling of 
water from rivers 2 and 3. Water samples were stored in the dark at a temperature of 4°C. 
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Table 4.1: Sampling of wastewater from industrial sites and water from the rivers subject to the effluent 
discharges  
Industrial site Sample type, flow rate  Date of sampling 
Petrochemical site C Outflow,  8640 m3/d 07.11.2007 
Paper production site Outflow, 14064 m3/d 21.11.2007 
Meat production site Outflow, 3264 m3/d 08.11.2007 
Power station Outflow, 1728 m3/d 26.11.2007 
River Contamination source Date of sampling 
River 1  Chemical complex A
* 10.07.2008 
River 2  Meat production site  
Chemical complex C* 
Power station 
07.05.2009 
River 3  Petrochemical site A** 
Petrochemical site C 
Chemical complex B* 
08.05.2009 
 
*     Characterized in Botalova et al. (submitted for publication to Water Research Journal, see ch. 3) 
** Characterized in Botalova et al. (2009) 
 
 
4.2.2 Chemicals and glassware 
In order to minimise laboratory contamination only glass, metal and PTFE equipment was used. All 
glassware was cleaned by ultrasonic agitation in water containing detergent (Extran, Merck, Germany) 
and rinsed with water and following with high-purity acetone and n-hexane. The solvents were 
purchased from Merck, Germany, and distilled over a 0.5 m packed column (reflux ratio 
approximately 1:25). The solvent purity was tested by gas chromatographic analyses. Anhydrous 
granulated sodium sulphate (Merck, Germany) and hydrochloric acid (Merck, Germany) needed for 
the analytical procedure were cleaned by intense extraction with pure acetone. Execution of blank 
analyses revealed that none of the compounds presented in this study were detected in the blank.  
 
4.2.3 Extraction 
A sequential liquid–liquid extraction procedure was applied to approximately 0.5 L and 1-2 L aliquots 
of the wastewater and river water samples, respectively, using n-pentane, dichloromethane and 
dichloromethane after acidification to pH 2 with hydrochloric acid. The extraction method used has 
been previously described in detail (Dsikowitzky et al., 2002). In the course of procedure 50 mL of 
solvent were used for each extraction step. The organic layers were concentrated by rotary evaporation 
at room temperature under reduced pressure to approx. 1 mL and dried by filtration over 1 g of 
anhydrous granulated sodium sulphate. Thereafter, the first two extracts were spiked with 50 mL of a 
surrogate standard solution containing d34-hexadecane (6.0 ng/μL) and decafluoroacetophenone (7.0 
ng/μL). 200 mL of another surrogate standard solution containing 4-fluoroacetophenone (7.2 ng/µL) 
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were added to the third extract containing the acidic components. Prior to GC- and GC/MS-analyses 
all the extracts (the third extract after derivatization, see section 2.4) were further concentrated at room 
temperature under ambient pressure. The final concentration volumes of wastewater extracts were: 50 
µL (first two extracts) and 200 µL (the third extract). The extracts of river water were concentrated to 
final volumes of 5-50 μL (first two extracts) and 20-200 μL (third extract). Because of a very high 
organic content in the effluent from petrochemical plant C, the extract samples were concentrated only 
to 500 µL with the addition of 3-fold concentrated internal standard. 
 
4.2.4 Derivatization 
Prior to chromatographic analysis the acidic compounds in the third extract were derivatized to 
enhance a successful gas chromatographic separation and detection. For this purpose 0.5 mL of 
diazomethane solution was added to approx 1 mL of the extract, which was simultaneously cooled in 
an ice bath. The vial was tightly closed and kept in the ice-water for 30 minutes. Thereafter the vial 
was opened and the sample volume was reduced to approx. 20-200 µL at room temperature and 
ambient pressure.    
 
4.2.5 Gas chromatography (GC) and gas chromatography-mass spectrometry 
(GC/MS) 
Gas chromatographic analyses were carried out on gas chromatographs GC 8000 (Fisons Instruments, 
Germany) equipped with a ZB-1HT fused silica capillary column (30 m length x 0.25 mm ID x 0.25 
µm df, Phenomenex, USA) and GC 6000 (Carlo Erba Vega Series 2) equipped with a ZB-5 fused 
silica capillary column of the same dimensions. The GC oven was programed from 60 to 300 °C at a 
rate of 3 °C min-1 after 3 min at the initial temperature, and was kept at 300 °C for 20 min. The 
injection was carried out on a split/splitless injector at 270 °C, splitless time was 60 s. Hydrogen 
carrier gas velocity was 37 cm/s. Detection was conducted by a flame ionization detector (FID) at 300 
°C.  
GC/MS analyses were performed on a Trace MS mass spectrometer (Thermoquest, Egelsbach, 
Germany) linked to a Carlo Erba HRGC 5160 gas chromatograph (CE, Milano, Italy) which was 
equipped with the same fused silica capillary column (ZB-1HT, ZB-5, ZB-5MSSi) of the same 
dimensions as used for GC analyses. The temperature program and the injection conditions were also 
the same as described above. Helium carrier gas velocity was set to 30 cm s-1. The mass spectrometer 
was operated in electron impact ionization mode (EI+, 70 eV) with a source temperature of 200 °C. 
The mass spectrometer was scanning from 35 to 700 amu at a rate of 0.5 s decade-1 with an inter-scan 
time of 0.1 s. 
 
4.2.6 Identification and quantification 
Identification of the selected contaminants was based on comparison of EI+-mass spectra with those of 
the reference compounds or mass spectral databases (NIST/EPA/NIM Mass Spectral Library NIST02, 
Wiley/NSB Registry of Mass Spectral data, 7th electronic version) and gas chromatographic retention 
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times. For correction of inaccuracies of retention time, the retention times of the surrogate standard 
compound were used. 
Quantitative data were obtained by integration of selected ion chromatograms extracted from the total 
ion current. Quantification details are presented in Table 4.2. For quantification, response factors were 
determined from four-point linear regression functions based on calibration measurements with 
different compound concentrations. The concentrations (7-50 ng/µL, injection of 1 μL) ranged within 
the expected values in the samples and within a linear detection range. For correction of injection 
volume and sample volume inaccuracies, the surrogate standard was used. The detection limit was in 
the range of 1 ng/L, and the quantification was performed with compound concentrations not less than 
5 ng/L. 
 
4.3 Results and discussion 
The organic geochemical analyses were carried out for the investigation of industrial effluents from 
petrochemical site C, paper and food production plants and a power station, as well as of river water 
derived from a directly affected river section. Petrochemical site C is an oil refinery plant producing 
various petrochemical and mineral oil products (i.e. diesel fuel, petrol, gasoline, kerosene, olefins, 
bitumen, petrocoke) as well as liquefied petroleum gases (propane, butane). Paper production plant 
produces light-weight coated printing paper as well as paper for heatset-offset and rotogravure 
printing. It uses wood chips as a raw material to produce pulp in a thermo-mechanical process. 
Besides, ready-made chlorine free chemical pulp is introduced from outer suppliers. Kaolin and 
calcium carbonate serve as pigments in paper finishing. Processing of raw materials, bleaching, 
production and finishing includes the application of various additives. The meat production site is 
specializing on the production of uncooked and cooked sausages, ham, and hermetically sealed meat. 
Power station is using hard coal to produce energy. It supplies steam to neighbouring chemistry 
enterprises and long-distance heating to other surrounding cities. 
The results represent a comprehensive pattern of the distribution of organic contaminants prior and 
after their release to the surface waters. The discussion on the qualitative and quantitative data is given 
according to the aspects of the source specificity as an essential precondition for contaminants to serve 
as industrial molecular markers and of the quantitative impact of pollutants stemming from various 
industrial branches on aquatic systems. 
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Table 4.2: Selected constituents in the industrial effluents, their characteristic ion fragments and reference 
compounds used for quantification 
Compound m/z Reference compound used for quantification (if different) 
4-Nitrosomorpholine 116 N-Formylmorpholine 
N-Acetylmorpholine 114, 129 N-Formylmorpholine 
N,N-Dibenzylamine 106, 196  
N-Benzylbenzamide 211 N,N-Dibenzylamine 
C2-Pyridine 107 2,4,6-Trimethylpyridine 
N-Ethylmethylpiperidine 112 2,4,6-Trimethylpyridine 
1-Ethylpiperidone 112 Indole 
C1-Indole 130 Indole 
C2-Indole 145 Indole 
1-Methyl-2-indolinone 147 Indole 
1-Ethylpyrrolidone 113 Indole 
TCEP 249  
TCPP 277  
TXIB 111  
1,10-Dimethyl-9-decalol (Geosmin) 112 cis-Decahydro-1-naphthol 
Irgacure 184 99 4-Hydroxy-2-methylacetophenone 
Benzoic acida 105, 136  
C1-Benzoic acida 119, 150 Benzoic acid, methyl ester 
C2-Benzoic acida 133, 164 Benzoic acid, methyl ester 
4-tert-Butylbenzoic acida 177, 192  
 
a Methyl esters of corresponding acids were detected and quantified. 
 
 
4.3.1 Constituents of industrial effluents 
A number of various organic substances have been identified in wastewater effluents based on GC/MS 
based non-target screening analyses. The information on the effluent composition is given in Table 4.3 
and arranged according to their dominant molecular structural properties in the groups of nitrogen, 
sulphur, phosphorous, oxygen containing compounds as well as mono- and polycyclic aromatic 
hydrocarbons. Some organic constituents appeared at a relatively high concentration level and with 
high structural diversity, particularly those from the petroleum refinery plant. In the following, the 
groups of substances are discussed according to their industrial origin. Detailed discussion on non-
specific pollutants was omitted placing an emphasis on the contaminants typical for a certain industrial 
branch. The structures of selected typical representatives of petrochemical and paper processing 
effluents are illustrated on Fig. 4.1. Some of the substances were detected for the first time in the 
wastewaters or have rarely or never been detected in aquatic environment so far (Fig. 4.2). The 
contaminant concentration and load values of selected compounds are presented in Table 4.4.  
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Table 4.3: Organic compounds identified by non-target screening in various industrial effluents 
Compound Petrochemical industry C 
Paper 
production
Meat 
production 
Power 
station 
Nitrogen-containing compounds     
4-Nitrosomorpholinea    + 
N-Acetylmorpholinea  +  0 
N-Methyl-N-phenylhydrazinea ++    
Anilinea ++ 0   
Methylanilinesa ++    
N,N-Dibenzylamineb   +  
Benzylidenebenzaminea    0 
N-Methylnaphthaleneaminea +    
3,5-Dimethylphenolmethylcarbamatea +    
C2-Pyridinea +    
N-Ethylmethylpiperidinea +    
Ethylpiperidonea +    
5H-Indeno[1,2-b]pyridinea +    
Quinolinea ++    
Methylquinolinesa +    
C1-C2-Indolsa  +    
1-Methyl-2-indolinonea   +  
Phenyl-1H-pyrrolea +    
1-Ethylpyrrolidonea +    
N-Benzylbenzamidea    0 
3-Hydroxy-N-1-naphthalenyl-2-
naphthalenecarboxamidea 
++    
Sulfur-containing compounds     
Ethylbenzothiophenesa  ++    
5,2-Dihydro-2,6-dimethyl-2H-thiopyrane-
3-carboxaldehydea   +  
Phosphor-containing compounds     
Tris(2-chloroethyl) phosphate (TCEP)b    + 
Tris(1-chloro-2-propyl) phosphate 
(TCPP)b 
  + + 
Trimethylphosphate (TMP)a    + 
Oxygen-containing compounds     
2,2,4-Trimethyl-1,3-pentanediol-
diisobutyrate (TXiB)b 
 +  + 
Dipropylene glycol monomethyl ethera  ++    
p-Menth-1-en-8-ola  0   
Phenola ++ +   
C1-C2-Phenolsa ++ +   
C3-C6-Phenolsa  ++    
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Table 4.3 (continued): Organic compounds identified by non-target screening in various industrial effluents 
Compound Petrochemical industry C 
Paper 
production
Meat 
production 
Power 
station 
Methylpropenylphenolsa ++    
Methylisopropylcyclohexanol (Menthol)a    + 
5,6,7,8-Tetrahydro-1-naphthalenola +    
2,3-Dehydro-1H-indene-5-ola +    
6-Methyl-4-indanola +    
1,10-Dimethyl-9-decalol (Geosmin)a  0   
1-Decalonea  0   
C2-Acetophenonesa ++    
Irgacure 184a  +   
7,7-Dimethylbicyclo[2.2.1]heptan-2-one 
(Camphenilone)a 
 +   
2(10)-Pinen-3-onea  +   
Longicamphenylone (terpen)a  0   
6-(Acetyloxy)-1,5,5-
trimethylbicyclo[2.2.1]heptane-2,3-dione 
(terpen)a 
 +   
Dimethylcyclopentenonea ++    
2,3,5,6-Tetramethyl-p-benzoquinonea ++    
Isopropylbenzaldehydea +    
C2- C4-Anisolesa ++    
(Methylpropenyl)-anisolea ++    
1,3-Dihydroisobenzofurana +    
Dibenzofurana +    
2-Ethylhexanoic acid, 2-ethylhexyl estera    + 
Benzoic acidb, c   +   
C1- C2-Benzoic acidsa, c  ++    
4-tert-Butylbenzoic acidb, c   0 + 
Methyl dihydrojasmonatea  0  + 
Abietic acida, c  0   
Dehydroabietic acida, c  0   
Mono- and Polyaromatics     
C3- C6-Benzenesa  ++    
Indanea ++    
C1-C2-Indanea +    
C1-C3-Naphthalenesa  ++   + 
C4-Naphthalenea  +    
1,2,3,4-Tetrahydromethylnaphthalenea ++    
1,2,3,4-Tetrahydrodimethylnaphthalenea +    
1,2,3,5,6,8a-Hexahydro-4,7-dimethyl-1-
isopropylnaphthalenea  0   
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Table 4.3 (continued): Organic compounds identified by non-target screening in various industrial effluents 
Compound Petrochemical industry C 
Paper 
production
Meat 
production 
Power 
station 
Decahydro-4,8,8-trimethyl-9-methylene-
1,4-methanoazulene (Longifolene) a 
 0   
3,7,11-Trimethyl-14-isopropyl-1,3,6,10-
cyclotetradecatetraene (Cembrene) a  +   
Aromadendrenea  +   
Seichellinea  +   
Phenanthrenea +    
Methylphenanthrenes a +    
Fluorenea ++    
Methylfluorenesa +    
Bicyclo[4.4.1]undeca-1,3,5,7,9-pentenea ++    
Biphenyla ++    
Methylbiphenylsa ++    
Hydroxybiphenyla ++    
 
a Identified of mass spectral data with those of mass spectral databases.  
b Identified by comparison of GC and mass spectral data with those of reference compounds. 
c Detected as methylester. 
++ high content in a sample, 
 +   low content in a sample,   
0   traces in a sample. 
 
 
4.3.1.1 Petroleum refinery effluent 
The effluent from petrochemical site C is characterised by the presence of relatively high amounts of 
predominantly non-specific contaminants, that have been previously reported as a constituents of 
industrial and municipal wastes. However, many of them might have petrogenic origin (derivatives of 
piperidine and pyrrol, dibenzofuran, biphenyl, methylbiphenyl, hydroxybiphenyl, dipropylene glycol 
monomethyl ether, aniline, methylaniline). Interestingly, these and other non-specific compounds 
(e.g., dimethylpyridine, 5H-indeno[1,2-b]pyridine) found in the wastewater, are at the same time 
constituents of coal tar, that we observed for the constituents in the effluent wastewater from 
petrochemical site A in our previous work (Botalova et al., 2009). In particular, the concentration of 
dimethylpyridine in the effluent from petrochemical site C (1.3 μg/L) is by order of magnitude 
comparable to that in the wastewater from petrochemical site A (7 μg/L). 5H-indeno[1,2-b]pyridine 
has been identified in sediment and water  environments contaminated with coal tar and creosote. 
Toxic effects in Escherichia coli test were observed by Catallo et al. (1990). 
A few organic constituents fond in the effluent of petrochemical site C, i.e., alkylindanes, stem solely 
from petroleum and lignite (Gustafson et al., 1997; Jenkin et al., 2000). These compounds can be 
characteristic for this industrial branch. C1 and C2-indols and quinolines found in the effluent are 
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known to be released by petroleum, in particular after pyrolytic treatment (Riboulleau et al., 2001; Li 
& Larter, 2001). Indole and quinolines have been also identified in our previous study in the effluents 
of petrochemical site A (Botalova et al., 2009). 1-Ethylpyrrolidone detected at a concentration of 2.4 
μg/L has various industrial applications. It is mainly used as a solvent, catalyst and cationic surfactant 
in refined oil, pharmaceuticals, dyestuffs, pesticides and coatings, textile and leather auxiliaries. This 
compound is proved to be highly toxic to the aquatic organisms. Two isomers of 
ethylbenzo(b)thiophene, a typical component of crude oil and gasoline (Brunet et al., 2005; Freitas et 
al., 2009) appeared in the effluent in relatively high amounts. 5-Ethylbenzo(b)thiophene has been 
previously determined in the USA shale oils (Willey et al., 1981). 2-Ethylbenzo(b)thiophene was 
found as a constituent in creosote-contaminated groundwater in Norway. Ecotoxicity of this 
compound has been proved in the Microtox-bioassay test with the use of Vibrio fischeri (Hartnik et al., 
2007). Ethylbenzo(b)thiophenes are also known components of creosote; the same are cresols, 
biphenyl, dibenzofuran, quinoline and fluorene appeared in the effluent of petrochemical plant C. 
Biphenyl together with dibenzofuran is a component of heat-transfer oils. Furthermore, biphenyl has 
been recovered from high boiler fractions that accompany the hydrodealkylation of toluene to benzene 
(Kirk-Othmer, 1991). All the compounds described above proved to be extremely ecotoxic for aquatic 
organisms. 
Dihydroisobenzofuran detected in the wastewater is a useful precursor of important heterocyclic 
derivatives, including isobenzofurans and has also found application as synthetic intermediates for the 
synthesis of biologically active compounds (Gabriele et al., 2003). It can be a by-product of 
supercritical oxidation of phenol containing wastewaters (Martino & Savage, 1999). To our 
knowledge, ecotoxicological effects of this compound have not been investigated. 
N-Methyl-N-phenylhydrazine, N-methylnaphthaleneamine, ethylmethylpiperidine, 1-ethylpiperidone 
were identified in this study for the first time as wastewater constituents.  N- 
Methyl-N-phenylhydrazine is applied in the Fischer indole synthesis. No information exists on the 
formation and industrial application of N-methylnaphthaleneamine.  
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Table 4.4. Contaminant concentrations (µg/L) in industrial effluents (outflow)  
Petrochemical 
industry C 
Paper 
production 
Meat 
production Power station Compound 
μg/L g/d μg/L g/d μg/L g/d μg/L g/d 
4-Nitrosomorpholine       1.3 2.3 
N-Acetylmorpholine   0.6 8.3   0.04 0.1 
N,N-Dibenzylamine     0.3 1   
N-Benzylbenzamide       0.03 0.1 
C2-Pyridine 1.3 11       
N-Ethylmethylpiperidine 1.2 10       
1-Ethylpiperidone 6.7 58       
C1-Indols 5.2 45       
C2-Indols  0.6 4.9       
1-Methyl-2-indolinone     0.7 2.2   
1-Ethylpyrrolidone 2.4 21       
TCEP       0.01 0.05 
TCPP     0.1 0.4 0.04 0.1 
TXIB   0.007 0.1   0.03 0.05 
1,10-Dimethyl-9-decalol   0.1 0.9     
Irgacure 184   1.1 16     
Benzoic acid   0.8 12     
C1-Benzoic acid 61 530       
C2-Benzoic acid 58 500       
4-tert-Butylbenzoic acid     0.06 0.2 0.5 0.8 
 
 
Ethylmethylpiperidine and 1-ethylpiperidone were detected in the effluent from the petroleum refinery 
at concentrations of 1.2 μg/L and 6.7 μg/L, respectively. There is no information available on these 
two compounds as well. They are most likely formed by alkylation of piperidine and piperidone. 
Piperidine is known to be an ingredient in oils and fuels. 4-Piperidone and its N-alkyl substituted 
derivatives are used in sulphur compound removals, which can explain the appearance of 
ethylpiperidone in the effluent. Another evidence on alkylation is the appearance of C2-C4-anisoles in 
the wastewater which are treatment by-products of the corresponding phenols also detected in the 
effluent. Furthermore, the methylation of methylpropenylphenol (allylcresole) to 
methylpropenylanisole most likely also takes place, considering that allylcresole is another component 
of creosote. Taking into account the detection of creosote constituents in the wastewater from 
petrochemical company C, we can assume that besides the petroleum refinery activities, coal tar 
processing is another production line, as it was observed for petrochemical site A. 
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Fig. 4.1: Molecular structures of selected constituents in industrial effluents 
 
4.3.1.2 Effluent from a paper production plant 
The composition of the wastewater from the paper production plant is mostly presented by various 
terpenes (e.g., aromadendrene, seichelline, cembrene, longifolene, longicamphenylone, camphenilone, 
p-menth-1-en-8-ol, 2(10)-pinen-3-one, abietic and dehydroabietic acid), which are produced primarily 
by a wide variety of plants, particularly conifers.   
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p-Menth-1-en-8-ol (α-terpineol) can be released to the environment in emissions resulting from wood 
pulping, petrochemical companies, and waste disposal sites. This compound has been reported by 
Wilson & Hrutfiord (1975) to be a predominant terpene in the effluent from a kraft pulp mill receiving 
secondary treatment in aerated lagoon. 
Aromadendrene, a component of blue gum eucalyptus oil and other essential oils, has been identified 
in the water from leachate discharge pipe of an illegal dump site in Japan (Labunska et al., 2000). 
Longicamphenylone is a known oxidation product of longifolene, which was also detected in the 
effluent. Both compounds are components of pine wood oil (Hayman & Weavers, 1990; Ashitani et 
al., 2009). Longifolene and derivatives of abietic acid have been observed by Koistinen et al. (1998) in 
a primary clarifier effluent from pulp mill factory. Among other terpenes and terpenoids, longifolene 
was found in the fish tissue in Laurentian Great Lakes (Hesselberg and Seelye 1982; Passino & Smith, 
1987). The combined acute and chronic results of the Microtox test and tests with bacteria (Vibrio 
fischeri), cladoceran Daphnia magna, and fathead minnow (Pimephales promelas) have indicated that 
longifolene and other terpenes have a likelihood of environmental hazard to the aquatic community 
(Sweet & Meier, 1997).  
Traces of abietic and dehydroabietic acids were identified in the effluent investigated in this work. 
Abietic acid, a resin acid and constituent of pine wood and resin, is isolated from rosin, the solid 
portion of the olelrosin of coniferous trees. Together with dehydroabietic acid, it is a component of 
distilled tall oil (the mixture of extractives that remain after the pulping of pine trees) and by-product 
of cellulose production. Resin acids are present in a number of wood processing wastewaters. 
Dehydroabietic acid is a known environmental contaminant and has revealed its toxic effects to 
rainbow trout (Castrén & Oikari, 1987) and endocrine disruptive properties by contributing to growth 
alterations and reproductive disturbances reported in zebrafish exposed to pulp and paper mill 
effluents (Christianson-Heiska et al., 2008). The experimental results obtained by Gravato & Santos 
(2002) demonstrated the presence of highly genotoxic resin acids in the bleached kraft pulp mill 
environmental contaminated water. Abietic and dehydroabietic acids were suspected to be responsible 
for high genotoxicity to sea bass, which were exposed to this water. 
Cembrene is a natural monocyclic diterpene isolated from marine corals. It is colorless oil with a faint 
wax-like odor (Vanderah et al., 1978). Cembrene is also a trail pheromone of termites that mostly feed 
on dead plant materials generally in the form of wood consuming cellulose as a food substrate. This 
can explain appearance of cembrene in the paper plant wastewater. However, cembrene molecule is a 
basic structural moiety in a very wide variety of other natural products found both in plants and in 
animals (Birch et al., 1972). 
6-(Acetyloxy)-1,5,5-trimethylbicyclo[2.2.1]heptane-2,3-dione is a derivative of camphoroquinone 
(1,7,7-trimethylbicyclo[2.2.1]heptane-2,3-dione) used as a visible-light photoinitiator. Another 
photoinitiator in polymer synthesis found in the wastewater from the paper production site is Irgacure 
184 (1.1 µg/L), which we had already detected in the leachate water from waste deposit of a 
petrochemical plant B (76 µg/L) and in the effluents of chemical production complexes (up to 0.2 
µg/L) (Botalova et al., 2009, see ch. 2; Botalova et al., submitted for publication, see ch. 3). 
Concentration of Irgacure 184 in river water was ranging from 36 µg/L to 320 µg/L, as reported in our 
previous study (Botalova et al., submitted for publication).  This compound has applications in 
coatings for plastics and paper, metal and wood coatings, inks, adhesives, coatings for exterior 
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applications. It is one of the photoinitiators, which are used in the curing process during UV printing 
of food carton labels and can migrate from packaging inks into foods (Sanches-Silva et al., 2008). 
Publicly available information on these photoinitiators is limited; therefore, there is very little 
knowledge on the toxicity of these compounds.  
N-Acetylmorpholine was detected in the effluent at a concentration of 0.6 µg/L. In our former work 
we identified this compound in the wastewater from the BTX production subunit of petrochemical site 
B at concentrations of up to 130 µg/L (Botalova et al., 2009, see ch. 2). The substance has been 
reported to serve as adsorbents in the process of the removal of carbon dioxide, sulphur compounds, 
water and aromatic and higher aliphatic hydrocarbons from industrial gases. Noteworthy, this 
compound has been also detected in the Rhine river (Schwarzbauer & Heim, 2005).  
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Fig. 4.2: Molecular structures of novel environmental contaminants 
 
4.3.1.3 Effluents from a meat  production site and power station 
The molecular diversity of organic composition of the effluents from the meat production site and 
power station was low. Besides some unspecific compounds, such as TCPP, TCEP, TEP, only few 
could be suggested as potential specific contaminants. For example, N,N-dibenzylamine detected in 
the effluent from the meat production site at a concentration of 0.3 µg/L has been already reported at a 
concentration of 0.8 µg/L in the wastewater from chemical site D in our previous work (Botalova et 
al., submitted for publication, see ch. 3). The compound is usually used as a corrosion inhibitor, as an 
intermediate in the production of gasoline additives and pharmaceutical products, and in rubber and 
tire compounding to prepare rubber accelerator for the vulcanization process and reaction-stoppers. 
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The possibility of its transfer into ham from elastic rubber netting was pointed out by Helmick (1994). 
Therefore, dibenzylamine as possible component of sausage casing could be a specific marker for the 
meat production site, although its occurrence in the wastewater from other indusrial activities, i.e. coal 
materials subject to supercritical water oxidation, has been also reported (Ding et al., 1996). 
Dibenzylamine is carcinogenic to mammals and has shown mutagenic properties to Salmonella 
typhimurium (Schmezer at al., 1990). This compound is harmful to aquatic organisms, may cause 
long-term adverse effects in the aquatic environment. 
1-Methyl-2-indolinone was detected in the effluent from the meat production site at a concentration of 
0.7 µg/L. No information on industrial application of this compound has been found in literature. It 
can be a possible methabolite of methylindol biodegradation. Oxydation of 3-methylindole to 3-
methyindolinone under methanogenic and sulfate-reducing conditions was reported by Gu et al. 
(2002). This process could take place during wastewater treatment at this industrial site since the 
application of anaerobic treatment in addition to aerobic processes is a common procedure in 
biological treatment systems at food processing plants (Stover & Eckhoff, 2003).  
5,6-Dihydro-2,6-dimethyl-2H-thiopyrane-3-carboxaldehyde was identified for the first time in as a 
wastewater constituent in this work. 
No specific contaminants were identified in the effluent from the power plant. The indicative 
industrial compounds 2,2,4-trimethyl-1,3-pentanedioldiisobutyrate (TXIB), N-acetyl- and N- 
nitrosomorpholines were detected in the wastewater at concentrations of  0.03 µg/L, 0.04 µg/L and 1.3 
µg/L, respectively. TXIB is used as a plasticizer for the manufacture of PVC and vinyl plastics. It is a 
component of high-density polyethylene pipes for drinking water and was found to migrate into the 
water (Skjevrak et al., 2003). The occurrence of TXIB in the surface waters in Germany has been 
reported by Franke et al. (1995b), Hendricks et al. (1994), and Dsikowitzky et al. (2004a). Its toxic 
effects towards fish and Daphnia magna have been reported (Danish EPA, 2001). TXIB has been 
identified for the first time in effluents from chemical producing plants in concentration range of 0.1-
0.5 μg/L (Botalova et al., submitted for publication, see ch. 3). N-Nitrosomorpholine is used as a 
solvent for polyacrylonitrile. The compound has been previously identified in the effluent from the 
manufacture of 2,4,6-trinitrotoluene in a concentration range of 0.1-0.3 mg/L (Spanggold et al. (1982). 
Trace amounts of N-nitrosomorpholine has been also detected in the wastewater from a tire chemical 
factory in the USA (Fajen et al., 1979) and in a chemical plant B from our former investigation 
(Botalova et al., submitted for a publication, see ch. 3). The compound is mutagenic to Salmonella 
typhimurium and Escherichia coli; no information on the ecotoxicological effects is available so far.  
 
 
4.3.2 Monitoring of industrial compounds in the contaminated river systems 
The analysis of the pollutant distribution in three rivers of North-Rhine Westphalia subject to direct 
discharges from various industrial sites has been carried out for evaluation of the behaviour and fate of 
organic contaminants in the river systems. Furthermore, verification of indicative potential for 
suggested industrial molecular markers has been tested. Monitoring of the organic pollutants in the 
river systems revealed their appearance at very high concentrations (up to 530 ng/L). Calculation of a 
certain dilution factor for each river system resulting from the ratio of its flow rate and the flow rate of 
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the discharged effluent to the concentrations measured in the river would lead us to the concentration 
values in the effluent sometimes 100 times higher compared to those obtained in the wastewater 
analyses. In this case the source of discrepancies would be due to a time gap between the wastewater 
and river water sampling, which could be accompanied by high variations in effluent flow parameters. 
Furthermore, there is a high probability of considerable quantitative discontinuities in the wastewater 
composition taking place during relatively short time period, which we observed from the wastewater 
analyses within chemical complex A, described in our previous study (Botalova et al, submitted for 
publication see ch. 3). Therefore, in this study we do not consider the dilution effect to verify the 
source specificity for certain contaminants taking into consideration possible concentration variations 
in the effluents and rather giving more emphasis on the qualitative distribution pattern.  
 
4.3.2.1  Contamination profile in river 1 
The water from river 1 was sampled along the flow path 0.1 km upstream the contamination source 
(chemical industrial site A), near the discharge point and 1.3 km and 3.3 km downstream the 
contamination source (Table 4.5, Fig. 4.3). Maximum concentrations of the substances, which had 
been previously identified in the outflow wastewater of industry A, were observed near the discharge 
point for dichloroaniline (11 ng/L) and TEP (60 ng/L). The concentration of dichloroaniline is notably 
decreasing along the flow with the values below the limit of quantification. This is in accordance with 
the high ability of the compound to adsorb to suspended solids and sediment in water. Relatively 
stable concentration values of TEP are observed in the river water, which indicates its environmental 
persistence and low natural attenuation potential. Nevertheless, these two contaminants, also appearing 
upstream the discharge point, are non-specific and cannot serve as site-specific markers for this 
contamination source. The same distribution pattern was observed for TXIB that had been previously 
identified solely in the wastewater from chlor-alkali electrolysis of chemical plant A. In this case the 
differences in the concentration values before, near, and after the discharge point of chemical site A 
are not substantial, which indicates another industrial source for TXIB. Tributylphosphate appearing at 
the discharge point at highest concentration of 160 ng/L can be a candidate for an alarm indicator, as it 
was detected in the inflow of industrial chemical site A and degraded during the wastewater treatment. 
Nevertheless, this needs an additional confirmation due to widespread distribution of this contaminant. 
The concentration values of non-specific contaminant benzoic acid (78 ng/L) and 
tetramethylbutanedinitrile (19 ng/L) measured 0.1 km before the discharge point were the higher than 
those near the discharge, which does not support our proposal for tetramethylbutanedinitrile to act as 
possible site-specific marker and industrial indicator for the polymer production process taking into 
account a high industrial contamination load to the river in this area. This can also explain similar 
concentration profile of diisopropylnaphthalenes at concentrations of up to 420 ng/L before the 
discharge of chemical site A and 200 ng/L detected near the discharge point with the slow attenuation 
along the river flow.  
Thus, the results obtained for river 1 did not reveal any site-specific industrial marker for chemical 
production site A. This river is characterized by very high flow rates and by an elevated level of 
background contamination. Therefore, the contribution of other compounds emitted to the constantly 
and heavily polluted system has no significant effect on the existing contamination level.  
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Table 4.5: Compound concentrations (ng/L) in the water of river 1 contaminated with effluents from chemical 
complex A 
Upstream the 
source Downstream the source Compound / Distance from the source 
0.1 km 
Near the source 
1.3 km 3.3 km 
Dichloroaniline* 7 11 < 5 < 5 
Tetramethylbutanedinitrile* 19 15 11 8 
Tributylphosphate**  32 160 87 110 
Triethylphosphate* 48 60 40 38 
Diisopropylnaphthalenes***  420 200 190 110 
TxiB*** 35 79 48 52 
Benzoic acid* 78 33 31 43 
 
*     detected previously in the effluent (outflow water), 
**  detected previously in the inflow wastewater, 
*** detected previously in the wastewater from chlor-alkali electrolysis. 
 
 
 
 
 
 
 Chemical site A 
km
C, ng/L 
Flow 
Fig. 4.3: Contamination profile in river 1. The arrow indicates effluent discharge location 
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4.3.2.2 Contamination profile in river 2 
Screening analyses of the contaminant distribution in river 2 was performed at different sampling 
locations along the river section subject to the discharges from three industrial sites (Table 4.6). 
Sampling point L0 was placed 0.1 km upstream the discharge point of meat production site and 
downstream up to the distance of 54.7 km along the river flow. Point L4 is situated at a distance of 
28.2 km downstream the meat production site discharge and 3 km upstream the discharge from 
chemical site C. Next sampling location L5 is 0.15 km along the flow after the contamination point of 
chemical producing plant C. Location L7 corresponds to the distance of 7.4 km downstream the 
discharge from the chemical site and 5.4 km upstream the power plant discharge.  
Two constituents of the effluent from the meat production site were detected in the river: N,N-
dibenzylamine and 1-methyl-2-indolinone. N,N-Dibenzylamine appeared at concentrations of 11 ng/L 
upstream and 6 ng/L at 0.5 km downstream the discharge of the meat production site, which indicates 
at either another source contribution for this compound or its rapid natural attenuation, i.e. sorption 
processes. To the support of the latter assumption contributes the observation done by Schwarzbauer 
et al. (2010) on the presence of N,N-dibenzylamine in pore water of the lake Bant sediments 
(Germany) with pointing at their possible release by dumped ammunition. 1-Methyl-2-indolinone, 
identified along the flow after the contamination point with stable concentration values in the range of 
7-19 ng/L (Fig. 4.4, a), could be suggested as a potential site specific marker of the meat production 
site. However, there is no information available on the existence of its precursor methylindol in the 
untreated wastewater providing that it is oxidized to 1-methyl-2-indolinone during wastewater 
treatment under anoxic conditions. 
Among the contaminants emitted into the river by chemical production site C, 2-(chloromethyl)-1,3-
dioxolane, TEP, trimethyl- and 4-tert-butylbenzoic acids were detected in the river water. 2-
(Chloromethyl)-1,3-dioxolane was found solely downstream the discharge point at very high 
concentration of 530 ng/L with the following decrease to 29 ng/L at a distance of 23.5 km after the 
discharge of chemical complex C (Fig. 4.4, a). This compound has been for the first time identified in 
this work as wastewater constituent and environmental pollutant. Taking into account lack of 
information on its industrial application, this contaminant should be considered to be of environmental 
concern. The results of the geochemical analyses allow us to suggest 2-(chloromethyl)-1,3-dioxolane 
as a site-specific marker for chemical production complex C. TEP was detected only downstream the 
discharge point at relatively stable concentrations, but we refrain from proposing it as a potential site 
specific marker due to its molecular non-specificity. The same refers to 4-tert-butylbenzoic acid. 
Trimethylbenzoic acid and TCPP were found along the whole river section mainly at very low 
concentrations, often below quantification limit, and probably composes background contamination of 
river 2 at the selected section (Fig. 4.4, b).  
No indicators of the power plant contamination were found downstream the corresponding 
contamination source.  
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Table 4.6: Compound concentrations (ng/L) in the water of river 2 contaminated with effluents from the meat production site, chemical complex C, and power station 
Distance from the discharge of 
Upstream the 
meat production 
site discharge 
Downstream the discharge point 
Meat production site  0.1 km 0.5 km 7.4 km 17 km  28.2 km 31.5 km 34.2 km 38.6 km 45 km 54.7 km 
Chemical complex C      0.15 km 3 km 7.4 km 13.8 km 23.5 km 
Power plant         1 km 10.7 km 
Compound / Sampling points L0 L1 L2 L3 L4 L5 L6 L7 L8 L9 
2-(Chloromethyl)-1,3-dioxolane       530 330 480 63 29 
N,N-Dibenzylamine 13 6         
1-Methyl-2-indolinone  7 9 8 18 9     
TCPP  23 6.1 6.6 2.5  < 5  8.2  170 
TEP      75 34 45 14 20 
Trimethylbenzoic acid  6 6 < 5 0 < 5 < 5 < 5 5  
4-tert-Butylbenzoic acid 47 150 98 64 0 100 140 58 67  
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 Meat production site Power plantChemical site C
km
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Flow 
a
   
 
 
 
 Meat production site Power plantChemical site C
km
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Flow 
b
 
 
Fig. 4.4: Contamination profile in river 2 (a - source-specific contaminants, b - non-specific contaminants). 
Arrows indicate effluent discharge locations 
83 
 
4  Geochemical characterization of organic pollutants in effluents discharged from various industrial sources to riverine systems  
84 
 
4.3.2.3 Contamination profile in river 3 
Contaminant distribution in river 3 was analysed at sampling locations along the river section subject 
to the discharges from two petrochemical sites A and C and chemical complex B (Table 4.7). First 
sampling point E0 was placed at a distance of 1 km upstream the discharge from petrochemical site A 
and 1.7 km downstream the source location and further up to 40.2 km along the flow path. Sampling 
point E3 corresponds to the distance of 17 km downstream petrochemical site A and 2 km upstream 
the discharge from petrochemical site C. Sampling location E4 is situated at 2.5 km along the flow 
after the discharge point of petrochemical site C. Location of point E5 is about 2 km upstream three 
discharges (P1, P3, P4) from chemical complex B with one of them situated at point E6 and two others 
at 0.3 km and 0.5 km upstream E6. Sampling locations E7 and E8 were situated at distances 3.8 km 
and 6.4 km, respectively, from approximate discharge point (E6) of the chemical production complex. 
A river water treatment plant was located 1.4 km downstream point E6, i.e., between the 
contamination source and sampling points E7 and E8.  
Analysis of the contaminant distribution at the studied section of river 3 revealed several potential site-
specific indicators. Dimethylpyridine previously detected in the effluent from petrochemical site A 
was identified at maximum concentration (130 ng/L) at first sampling location (E1) after the 
contamination source (Fig. 4.5, a). Its concentration is continuously decreasing along the flow path 
with the last detection (63 ng/L) at a distance of 31.5 km after the discharge of petrochemical site A. 
Another indicative compound for this industrial site can be thioanisole detected in the river 
downstream the discharge point starting at a concentration of 12 ng/L slowly decreasing to 7 ng/L at 
31.5 km along the river flow. Interestingly, another effluent constituent methyl phenyl sulfone, an 
oxidation product of thioanisole, was not detected downstream this contamination source, unlike the 
observation made for the river affected by the effluent of petrochemical site B (Botalova et al., 2009, 
see ch. 2), where methyl aryl sulfones were proposed as potential marker substances.  
Methylindole and ethylpyrrolidone, compounds originating from petrochemical site C, cannot be 
attributed to the potential site-specific markers, as their appearance at high concentrations (up to 290 
ng/L and 48 ng/L, respectively) is observed at the sample locations far upstream the discharge of 
petrochemical site C (Fig. 4.5, b). Their possible origin might refer to petrochemical site A, although 
they had not been previously detected in the effluent. Nevertheless, this possibility is not excluded 
taking into consideration that there was a time gap between wastewater and river water sampling 
campaigns. Alkylbenzoic acids were identified irregularly at many sampling locations with 
concentrations of up to 500 ng/L, and due to their non-specificity cannot be used for the source 
identification. Therefore, no marker substances specifically indicating the discharge of petrochemical 
site C were identified in river 3. 
Tributylamine, though non-specific itself, and detected solely in the effluents from chemical complex 
B, was found near the discharge point of this chemical production site at a concentration of 63 ng/L 
with the following decrease to 4 ng/L at the sampling locations more than 2 km downstream the river 
water treatment plant.  
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Table 4.7: Concentrations (ng/L) of organic contaminants in the water of river 3 contaminated with effluents from petrochemical sites A and C, and chemical complex B 
Distance from the discharge of 
Upstream the 
discharge from 
petrochemical site A 
Downstream the discharge point 
Petrochemical site A   1 km 1.7 km 12 km 17 km 21.5 km 31.5 km 33.8 km 37.6 km 40.2 km 
Petrochemical site C     2.5 km 12.5 km 14.8 km 18.6 km 21.2 km 
Chemical complex B       
Discharge 
point 
3.8 km* 6.4 km** 
Compound / Sampling points E0 E1 E2 E3 E4 E5 E6 E7 E8 
Tributylamine       63 < 5 9 
Dimethylpyridine 8 130 78 45 27 63    
Dimethylpyrazine 39         
Indole  98  160 80 46    
Methylindole  260 290 38 140 63    
1-Ethylpyrrolidone 48 34 26 9 16 9    
Thioanisole  12 10 < 5 7 5 67   
Methylphenyl sulfone 7      230 370 250 
TCPP, Isomer 1 100 81 46 9.2 31 620 330 240 190 
TCPP, Isomer 2 14 < 5    15 49 33 26 
C1-Benzoic acid 130  54 330 500 280 25   
C2-Benzoic acid 130  21 96 220 190 200   
2,4,6-Trimethylbenzoic acid 27 10 28 71 270 170 140   
 
*   2.4 km after the river water treatment plant, 
** 5 km after the river water treatment plant. 
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Fig. 4.5: Contamination profile in river 3 (a – source-specific contaminants, b – non-specific contaminants). 
Arrows indicate effluent discharge locations 
Petro-site  A Petro-site C Chemical site B
C, ng/L 
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Flow 
a
Petro-site  A Petro-site C Chemical site B
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C, ng/L 
Flow 
b
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Some contaminant, which had been previously identified in the industrial effluents contributed to the 
pollution of river 3, appear at the sampling locations obviously affected by emissions from the other 
sources (Fig. 4.6). For instance, TCPP appeared in the river water in the form of two isomers at 
various concentration levels. Having been previously detected in the form of isomer 2 in trace amounts 
solely in the effluent from chemical production site C and considering its distribution character in the 
given river section, the contribution of TCPP from multiple sources different from chemical site C can 
be assumed: one of them is most likely located upstream the discharge of petrochemical site A (point 
E0), another one – upstream chemical complex B (point E5). In both cases the high concentrations of 
TCPP isomer 1 accompanied with the lower concentration values of isomer 2 are observed with the 
following slow attenuation along the flow path. Another example of alternative contamination is 
methyl phenyl sulfone, which had been earlier detected in the effluent of petrochemical site A but 
occurred in the river water with stable concentration values (230-370 ng/L) at sampling locations 
along the river section subject to the discharge by chemical production plant B. This compound did 
not appear among the wastewater constituents at this industrial site during a sampling campaign, 
which took place several months before river water sampling, and can either stem from certain newly 
introduced production process or a degradation product of reduced sulfur species not detected in the 
effluent. 
 
 
 km
 
C, ng/L 
Petro-site  2 Petro-site 1 Chemical site 3
Flow 
 
Fig. 4.6: Contamination profile in river 3 (emissions from alternative sources). Arrows indicate effluent 
discharge locations 
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4.4 Conclusion 
The detailed description of the organic composition of industrial effluents discharged from various 
industrial branches and the distribution of the emitted pollutants in the riverine systems have been 
done with the use of non-target screening analyses. Based on the characterization of molecular 
structures of wastewater constituents, their quantification as well as the available information on their 
origin and industrial applications, the identification of typical organic representatives for 
petrochemical and food effluents has been performed. Comparison of the data obtained with the 
results of previous studies allowed the determination of wastewater constituents, common for various 
industrial sites involved in oil production processes (e.g., quinoline, dimethylpyridine, alkylindols). 
Among a wide range of hydrocarbons detected in the petrochemical effluents, several novel organic 
wastewater constituents have been found for the first time in this work (N-methyl-N-phenylhydrazine, 
N-methylnaphthaleneamine, etc.). In the effluents from paper production plant several potential 
industrial indicators were distinguished, such as resin acids (abietic and dehydroabietic acids) and 
photoinitiators (Irgacure 184). Lack of knowledge on the ecotoxicological properties of many of these 
contaminants represents a major concern due to the uncertainty in possible effects they could cause on 
human health and the aquatic environment after their release to surface waters.  
An attempt to evaluate the environmental impact of the contaminants stemming from various 
industrial branches with regard to their quantitative and spatial distribution in the affected river 
sections has been made. The monitoring of the behavior of certain environmentally relevant and newly 
described pollutants in the contaminated river systems allowed the identification of several industrial 
site-specific markers. Particularly, 2-(chloromethyl)-1,3-dioxolane, an unknown contaminant, 
exclusively found in the effluents from a chemical production complex, was present in the river under 
discharge at high concentrations downstream the contamination source. Thioanisol and 
dimethylpyridine are suggested as site-specific markers for the industrial site specializing on oil 
production combined with various downstream chemical processes.  
Our approach was not successful towards the effluents discharged by meat production site and power 
station most likely due to the lower molecular diversity of the wastewater constituents.  Thus, for the 
effective evaluation of industrial indicators and site-specific markers, there is a necessity to pursue the 
application of the non-target screening procedure towards industrial effluents as well as the 
environmental monitoring more systematically taking into account the technical and hydrological 
changes occurring in industrial and natural systems.  
In conclusion, the comprehensive and detailed evaluation of the indicative compounds in the industrial 
effluents is a promising tool for the environmental assessment of industrial emissions, especially if 
accompanied with toxicological and ecotoxicological investigations of novel environmental 
contaminants. The approach applied on the regular basis will prove useful for the environmental 
monitoring measures and efficient identification of contamination sources. 
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Based on detailed non-target screening analyses, the molecular diversity of industrial effluents, 
particularly, from petroleum refinery and oil production, chemical manufacturing, paper and food 
production sites and power station, discharged to the rivers in North Rhine-Westphalia was 
characterised. Within a wide spectrum of organic wastewater constituents, specific compounds have 
been suggested as potential source indicators. This differentiation was based on (i) the individual 
molecular structures, (ii) the quantitative appearance of organic compounds in treated effluents and 
(iii) the information on their general occurrence in the technosphere and hydrosphere.  
 
Specific contaminants 
Extensive GC-MS analyses allowed the determination of wastewater constituents, common for various 
industrial sites involved in oil production processes (e.g., quinoline, dimethylpyridine, alkylindols). 
Principally, site specific indicators have been distinguished from candidates to act as general 
petrochemical indicators (e.g. methyl phenyl sulfone). Moreovers, among a wide range of 
hydrocarbons detected in the petrochemical effluents, several novel organic wastewater constituents 
have been found for the first time in this work (N-methyl-N-phenylhydrazine, N-
methylnaphthaleneamine, etc.). The determination of potential site-specific indicators and industrial 
markers corresponding to a certain production processes, e.g, production of starting materials for 
manufacturing of paper and printing inks (tracetin), powder coatings (HPHP) as well as 
epichlorohydrin (bis(dichloropropyl)ethers) and pharmaceutical production (chloro-, bromo-, 
fluoroanilines, chloro- and fluoroindoles, etc.) was performed. In the effluents from a paper production 
plant, potential industrial indicators were distinguished, such as resin acids (abietic and dehydroabietic 
acids) and photoinitiators (Irgacure 184). Lack of knowledge on the ecotoxicological properties of 
many of these contaminants represents a major concern due to the uncertainty in possible effects they 
could cause on human health and the aquatic environment after their release to surface waters.  
Our approach was not successful towards the effluents discharged by a meat production site and power 
station most likely due to the lower molecular diversity of the wastewater constituents.   
 
Alarm-indicators 
The identification of organic contaminants in the industrial effluents was extended to the evaluation of 
the chemical composition of wastewaters from different production subunits within two industrial 
sites: a petrochemical plant and chemical complex. This allowed the detection of a number of 
halogenated compounds of environmental concern and structurally specific substances, which are 
normally eliminated by wastewater treatment facilities. The results can contribute to the understanding 
of the complex ecotoxicological effect of these contaminants discharged to the aquatic environment. 
The determination of the distribution of organic constituents in within an industrial plant is important 
for the evaluation of a potential anthropogenic impact of the industrial discharges resulted from 
occasional releases of the pollutants during industrial accidents that can lead to unpredictable 
environmental effects due to the lack of ecotoxicological data for many of them. 
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The importance of this approach is related on the one hand to the restricted knowledge on the 
chemicals appearing within industrial complexes, normally concerned with the educts or starting 
materials. However, the numerous so far unknown by-products have to be also characterised as 
potential toxicants as it has been shown in a multitude of ecotoxicological studies on industrial 
emissions. On the other hand, insufficient wastewater treatment, careless waste handling or accidents 
at industrial plants are potential sources for a single release of the pollutants that are normally 
eliminated during wastewater cleaning processes. Hence, the knowledge on the molecular diversity of 
compounds normally not released by effluents but appearing within industrial sites is an important 
precondition for the comprehensive assessment of the potential impact of petrochemical and chemical 
activities to the contamination of aquatic environment.  
The analyses of the wastewater in the inflow and outflow at the chemical complex also showed the 
additional formation of the compounds more persistent to the wastewater treatment 
(dichloromethylthiobenzene). Upon that, the non-target screening of the inflow wastewater allowed 
the identification of new environmental contaminants that have never been detected in the industrial 
wastewaters and compounds for which the information on their industrial application and 
ecotoxicological effects is limited (e.g, halogenated anilines, chloroquinolinol, and 2-chlorothieno[3.2-
c]pyridine).  
 
Potentical industrial markers in the river systems 
Further on, an attempt to evaluate the environmental impact of the organic pollutants stemming from 
various industrial branches with regard to their quantitative and spatial distribution in the longitudinal 
sections of three contaminated rivers has been made. 
The monitoring of the behavior of certain environmentally relevant and newly described pollutants in 
the contaminated river systems allowed the identification of several industrial site-specific markers. 
Particularly, 2-(chloromethyl)-1,3-dioxolane, an unknown contaminant, exclusively found in the 
effluents from a chemical production complex, was present in the river under discharge at high 
concentrations downstream the contamination source. Thioanisol and dimethylpyridine are suggested 
as site-specific markers for the industrial site specializing on oil production combined with various 
downstream chemical processes. In a river receiving discharges from a petrochemical complex methyl 
phenyl and tolyl sulfones appeared at all sampling locations downstream the contamination source 
with concentrations of up to 34 ng/L and 23 ng/L, respectively. Based on the positive correlation with 
the results from other studies, methyl aryl sulfones were proposed as potential as source specific 
indicators for petrochemical effluents. However, further verification of their general occurrence in 
petrochemical effluents is necessary. 
 
Summary and outlook 
The approach proposed in this study goes beyond the scope of the standard environmental regulation 
procedures which include only the monitoring of basic pollution parameters of industrial wastewaters. 
Furthermore, screening analyses allowed identification new contaminants, which accounts for better 
explanation of various ecotoxicological effects observed for wastewater discharged from certain 
industrial branches. 
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Thus, this study demonstrates the relevance of source specific organic indicators to be an important 
tool for comprehensive assessment of the potential impact of industrial activities to the contamination 
of the aquatic environment. Based on the extensive identification of source specific substances, the 
system of marker compounds might allow rapid determination of the industrial impact on rivers not 
only per se but also as a result of industrial accidents or malfunctions of wastewater treatment 
facilities.  
The detailed evaluation of the indicative compounds in the industrial effluent should be accompanied 
with toxicological and ecotoxicological investigations of novel environmental contaminants. This 
approach applied on the regular basis will prove useful for the environmental monitoring measures and 
efficient identification of contamination sources. In conclusion it is necessary to notice, that for the 
effective evaluation of industrial indicators and site-specific markers, there is a necessity to pursue the 
application of the non-target screening procedure towards industrial effluents as well as the 
environmental monitoring more systematically taking into account the technical and hydrological 
changes occurring in industrial and natural systems.  
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7  Appendix 
7 Appendix 
Appendix includes the complete screening list and quantification of organic compounds selectively presented in ch. 3 in Tables 3.3, 3.4, and 3.5, as well as the 
additional information on the contaminant load values.  
 
Table A1: Organic compounds identified by non-target screening in the effluents from chemical production sites (complete list) 
Industry A Industry B Industry C Industry D Compound 
27.06.2007 19.07.2007 02.08.2007 15.08.2007 B1 B3 B4 C1 C2 D1 D2 
Halogenated compounds                 
1,2,3,4-Tetrachlorobutaneb + 0          
2-(Chloromethyl)-1,3-dioxolaneb         +      
Dichlorobenzeneb ++ ++ + ++        
Dichloroveratrolb   +            
Dichloroanilineb + + +  0        
Trichloroanilineb + + 0          
3,4-Dichloromethylthiobenzenea 0            
3'-(Trifluoromethyl)acetophenonea + ++ + ++            
Trichlorobenzoic acidsc  0  0 0            
Nitrogen-containing compounds                
1,4-Dimethylpyrazolb               ++ 
4-Nitrosomorpholineb     0
0
       
N-Formylmorpholinea            
N-Acetylmorpholineb     0          
Tributylaminea       +        
Tris(2-ethylhexyl)amineb       +         
Trioctylamineb       +         
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Table A1 (continued): Organic compounds identified by non-target screening in the effluents from chemical production sites (complete list) 
Industry A Industry B Industry C Industry D Compound 
27.06.2007 19.07.2007 02.08.2007 15.08.2007 B1 B3 B4 C1 C2 D1 D2 
Triisooctylaminesb       +      
N,N-Dibutyldecanamineb       0         
N,N-Dibenzylaminea            +   
N-Benzylidenebenzylamineb            0   
N-Nitrosodibenzylamineb     0          
5-Methyl-1,3-diazaadamantan-6-oneb       0         
N-Methylpyrrolidoneb              0 
Tetramethylbutanedinitrileb 0 + + +        
Benzenepropanenitrileb     0          
3,3-Diphenyl-2-propenenitrileb 0 0 0             
N-Benzylbenzamideb           0     
N,N-Dibutylbutanamideb       0         
Tetramethylcuccinimideb          +      
Sulfur-containing compounds                
Dimercaptomethaneb, d ++ ++ ++ ++          ++ 
1,2-Dimercaptoethane a, e ++ ++ ++ ++            
Dithiolaneb              ++ 
1,3-Dithianeb              + 
1,2,4-Trithiolaneb       +       ++ 
Trithianesb               + 
1,2,4,5-Tetrathianeb              + 
1,2,4,6-Tetrathiepaneb              ++ 
Hexathiepaneb              0 
Trithiapentaneb,f        0       
Trithiahexaneb         +   
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Table A1 (continued): Organic compounds identified by non-target screening in the effluents from chemical production sites (complete list) 
Industry A Industry B Industry C Industry D Compound 
27.06.2007 19.07.2007 02.08.2007 15.08.2007 B1 B3 B4 C1 C2 D1 D2 
Mercaptobenzoic acidb, g         0       
2-(Methylthio)acetic/ Mercaptoacetic acidb, c ++ ++ ++ ++        
Tetrahydrothiophene-2,5-dicarboxylic acidb, g + + ++ +            
2-Mercaptoethanolb, h + + + +        
Phosphorus-containing compounds                
Tris(chloropropyl) phosphates (TCPP)a 0 + 0 0   0     
Triethylphosphate (TEP)a ++ + 0 0       0     
Triisobutylphosphate (TiBP)b            0   
Dibutylmethylphosphonate (DBMP)b + + 0 ++            
Triphenylphosphine oxide (TPPO)a           0    
Oxygen-containing compounds                
1,1-Dibutoxybutaneb       +
0 +
0
     
5-Ethyl-2,4-dipropyl-1,3-dioxaneb       0         
Tripropyltrioxaneb       0         
2,2,4-Trimethyl-1,3-pentanedioldiisobutyrate 
(TXIB)a              
Bergamotolb     0          
2,4,8,10-Teraoxaspiro-5,5-undecanea     0  0       
2,5,8,11-Tetraoxadodecaneb              ++ 
2,5,7,11,14,17-Hexaoxaoctadecaneb           ++ 
1,4:3,6-Dianhydro-2,5-di-O-methyl-D-glucitolb     0          
Mentholb        0       
Di-tert-butylphenolb 0 + + 0          
tert-Butylmethylphenol              
2,6-Di-tert-butyl-4-methylphenolb +  ++ ++        
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Table A1 (continued): Organic compounds identified by non-target screening in the effluents from chemical production sites (complete list) 
Industry A Industry B Industry C Industry D Compound 
27.06.2007 19.07.2007 02.08.2007 15.08.2007 B1 B3 B4 C1 C2 D1 D2 
Methoxymethylphenolb        0       
2,5-Dimethylbenzenemethanolb        + 0
0
      
2-Butoxyethanolb            0   
trans-and cis-9-Decalolb        +       
trans- and cis-2-Decaloneb        +       
4,4a,5,6,7,8-Hexahydro-2(3H)-naphthalenone b        +       
Hexahydro-4,7-methano-5H-indene-5-oneb            
2,4,4-Trimethylcyclopentanoneb          +      
3,3,5-Trimethylcyclohexanoneb          + +     
4-tert-Butylcyclohexanoneb     0     +     
Cyclooctanoneb          0      
Cyclododecanoneb          +      
Methyl-2-cyclopenten-1-onesb            +   
3,5-Dimethyl-2-cyclohexen-1-oneb  0              
1'-Hydroxy[1.1'-bicyclohexyl]-2-oneb          0      
3,6,6-Trimethyl-bicyclo[3.1.1]heptan-2-oneb          0      
C2-Acetophenonesb         +       
C3-Acetophenoneb        +       
Irgacure 184b     0      0  
2,5-Hexanedioneb            0   
Octahydrobifuranb         0 0 +     
1-(3H)-Isobenzofuranoneb       +         
Methylbenzofuranoneb        0       
Dimethylbenzofuranoneb        0       
4,5-Dihydro-5-methyl-2(3H)-furanoneb            0   
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Table A1 (continued): Organic compounds identified by non-target screening in the effluents from chemical production sites (complete list) 
Industry A Industry B Industry C Industry D Compound 
27.06.2007 19.07.2007 02.08.2007 15.08.2007 B1 B3 B4 C1 C2 D1 D2 
Di-tert-butylbenzoquinoneb  +  +  0  0       
Benzophenoneb + +          
Benzaldehydeb        0  +     
3,5-Di-tert-butyl-4-hydroxybenzaldehydeb     0          
Dimethylphthalateb               0 
Diethylphthalateb     0          
Bis(2-ethylhexyl)phthalateb (DEHP)b       ++         
Benzoic acida, c 0 0 0    + 0     
C1-Benzoic acidb, c       +       0 
C2-C3-Benzoic acidb, c            ++     
4-tert-Butylbenzoic acida, c  0 0 0  0       
Phenylacetic acidb, c       +         
Hydroxybenzoic acidb, c       +         
Hydroxybenzoic acid, octyl esterb, i        +         
3,5-Di-tert-butyl-4-hydroxybenzenepropanoic 
acidb, c         0  +     
Ibuprofenb, c     0     0     
Methyl dihydrojasmonateb          0    0 
3-Hydroxy-2,2-dimethylpropanoic acid,           
3-hydroxy-2,2-dimethylpropyl ester (HPHP)b       ++         
Bis(2-ethylhexyl) maleateb       0         
2-Ethylhexanoic acidb, c ++               
Diisopropyl adipateb            +   
Triacetinb            0   
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Table A1 (continued): Organic compounds identified by non-target screening in the effluents from chemical production sites (complete list) 
Industry A Industry B Industry C Industry D Compound 
27.06.2007 19.07.2007 02.08.2007 15.08.2007 B1 B3 B4 C1 C2 D1 D2 
Aromatic compounds                
C2-Benzeneb +  + +        
C3-Benzenesb         + +      
C4-Benzenesb        + ++       
C5-Benzenesb         +       
C1-Indane b       0         
C2-Indane b       +         
1-Phenyl-1,3,3-trimethylindaneb          0      
Naphthaleneb       +         
C4-Naphthaleneb            +   
Diisopropylnaphthalene (DIPN)a     0       
Acenaphtheneb                
Other compounds                
trans- and cis-Decalinb       + +       
Octahydro-4,7-methano-1H-indeneb        0       
S8b       +        + 
 
a Identified by comparison of GC and mass spectral data with those of reference compounds. 
b Identified of mass spectral data with those of mass spectral databases. 
c Detected as methylester. 
d Detected as methylation product dithiopentane. 
e Detected as methylation product dithiohexane. 
f Detected as methylation product trithiahexane. 
g Detected as dimethylester. 
 
h Detected as methylation product 2-(methylthio)ethanol 
i Detected as methylation product octyl methoxybenzoate.  
  
++ high content in a sample, 
 +   low content in a sample,   
 0   traces in a sample. 
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Table A2: Contaminant concentrations (µg/L) in effluents (outflow) from chemical production sites (complete list) 
Industry A Industry B Industry C Industry D 
Compound 
27.06.2007 19.07.2007 02.08.2007 15.08.2007 B1 B3 B4 C1 C2 D1 D2 
Halogenated compounds            
2-(Chloromethyl)-1,3-dioxolane        0.7    
1,2,3,4-Tetrachlorobutane 0.2           
Dichlorobenzene 14 9.4 0.8 2.4        
Dichloroveratrol   0.1           
Trichlorobezoic acids 0.8  1.1 0.8        
Dichloroaniline 4.4 4.8 0.5 0.2        
Trichloroaniline 0.7  0.2         
3'-(Trifluoromethyl)acetophenone 0.3 5 2.7 0.7        
3,4-Dichloromethylthiobenzene  0.5           
Nitrogen-containing compounds            
Tetramethylbutanedinitrileb 0.5 0.7 1.4 0.8        
3,3-Diphenyl-2-propenenitrile 0.2 0.4 0.5         
4-Nitrosomorpholine     0.6       
N-Formylmorpholine     0.8       
N-Acetylmorpholine     0.1       
Tributylamine      5.1      
Tris(2-ethylhexyl)amine      0.2      
Trioctylamine      0.7      
N,N-Dibutyldecanamime      0.03      
N,N-Dibenzylamine          0.8  
N-Benzylidenebenzylamine            0.1   
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Table A2 (continued): Contaminant concentrations (µg/L) in effluents (outflow) from chemical production sites (complete list) 
Industry A Industry B Industry C Industry D 
Compound 
27.06.2007 19.07.2007 02.08.2007 15.08.2007 B1 B3 B4 C1 C2 D1 D2 
Phosphorus-containing compounds            
TCPP 1.3 23 1 0.5        
TEP 9.4 2.3 0.4 0.4     0.3   
TiBP          0.1  
DBMP 2.9 2.1         0.2 11        
Sulfur-containing compounds            
Dimercaptomethane 970 1200 1200 2000       260 
1,2-Dimercaptoethane 820 1300 1300 1700        
2-(Methylthio)acetate/ Mercaptoacetate 23 38 79 45        
Oxygen-containing compounds            
TXIB     0.5   0.5   0.1 
2,4,8,10-Teraoxaspiro-5,5-undecane     0.4  0.1     
trans-9-Decalol       8.8     
cis-9-Decalol       1.5     
trans-2-Decalone       2.9     
cis-2-Decalone       5.7     
4,4a,5,6,7,8-Hexahydro-2(3H)-naphthalenone       1.3     
C2-Acetophenones        1.6     
C3-Acetophenone       1.4     
Irgacure 184     1     0.2  
Benzoic acid 0.3 0.2 0.5   230 0.2     
C1-Benzoic acid      13     0.04 
C2-Benzoic acids         7.2   
C3-Benzoic acids          38   
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Table A2 (continued): Contaminant concentrations (µg/L) in effluents (outflow) from chemical production sites (complete list) 
Industry A Industry B Industry C Industry D 
Compound 
27.06.2007 19.07.2007 02.08.2007 15.08.2007 B1 B3 B4 C1 C2 D1 D2 
4-tert-Butyl-benzoic acid 0.2 0.1 0.3  0.4       
Phenylacetic acid      52      
Hydroxybenzoic acid, octyl ester      17      
Aliphatic and aromatic compounds            
C3-Benzenes        4.9 0.4    
C4-Benzenes      5 21     
C5-Benzenes       3.8     
DiPN     0.1       
Other compounds            
trans-Decalin      2.3 3.9     
cis-Decalin      1.8 2.5     
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Table A3: Concentration (µg/L) of organic compounds identified by non-target screening in wastewater of industrial site A (complete list) 
Chlor-alkali electrolysis Leachate water Inflow 
Compound 
27.06.2007 19.07.2007 15.08.2007 27.06.2007 19.07.2007 02.08.2007 15.08.2007 27.06.2007 19.07.2007 02.08.2007 15.08.2007 
Halogenated compo  unds            
Bromoforma 1.4 0.3          
1,2,3,4-Tetrachlorobutaneb        2.4 0.1  0.1 
Chlorobicyclo[3.2.1]oct-2-enesa     19 24 14 18     
Dichlorobenzeneb     0.2  0.2 130 13 17 20 
Chlorophenolb        4.7
0.8
2.8
140
8.4
4.1
4.7
3.7
unds
    
Dichlorophenolb      0.5 0.3 16  2 0.6 
Dichloroveratrolb             
Trichlorobezoic acidsa, c  14 4.2 5.6 0.7 1.4  0.1 8.6    
Dichloroanilineb    1.3 0.5  0.3 120 5.5 10 4.3 
Trichloroanilineb        4.5  0.1 0.6 
Chlorofluoroanilineb    1    54    
Bromofluoroanilineb        11   0.2 
4-Bromo-2,6-dichloroanilinea            
2-Bromo-6-chloro-4-fluoroanilinea            
Chloroquinolinolb            
Chloroindoleb            
5-Fluoroindolea        11   15 
Chlorothieno[2,3-c]pyridineb            
2,3,5,6-Tetrafluorophenola, d  0.7  0.7         
3'-(Trifluoromethyl)acetophenonea 0.1       2 1.4 43 1.7 
3,4-Dichloromethylthiobenzenea            
3,4-Dichlorothiophenola, e            
N-containing compo             
3,3-Diphenyl-2-propenenitrileb        0.7 22   
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Table A3 (continued): Concentration (µg/L) of organic compounds identified by non-target screening in wastewater of industrial site A (complete list) 
Chlor-alkali electrolysis Leachate water Inflow 
Compound 
27.06.2007 19.07.2007 15.08.2007 27.06.2007 19.07.2007 02.08.2007 15.08.2007 27.06.2007 19.07.2007 02.08.2007 15.08.2007 
N-Formylmorpholinea 0.8 0.2 3.7         
Sulfur-containing compounds            
Dimercaptomethaneb, f  400  510     470 920 1200 540 
1,2-Dimercaptoethanea, g  580  290     260 2400 760 560 
2-(Methylthio)acetate/ 
Mercaptoacetateb, c 21  34  3.1   56 120 11 67 
P-contai  ning
72
9.2
unds
20
           
TCPPa 0.3     0.2 0.2 0.1 30 4.8 0.6 
TEPa   0.1      0.7 0.04 60 
TBPa        5.1 5.4 11 0.7 
DBMPb            
Bis(2-ethylhexyl)hydrogen 
phosphate (HDEHP)b 
           
Oxygen-containing compounds            
Bisphenol Aa    8100 20000 5900 13000     
TxiBa 0.2 0.04 0.4         
Benzoic acida, c 2.2  31 64 12 0.1 31 17 1 6.2 13 
Phenylacetic acida, c   0.1 77 62 0.8 39 3.7 27 1 3.4 
4-tert-Butylbenzoic acida, c   8.4 25 150 5.6 8.4 0.2 0.4 0.02  
Polyaromatic compo             
DIPNa            
 
a Identified by comparison of GC and mass spectral data with those of reference compounds. 
b Identified of mass spectral data with those of mass spectral databases. 
c  Detected as methylester. 
d Detected as methylation product 2,3,5,6-tetrafluoroanisole 
 
e Detected as methylation product dichloromethylthiobenzene 
f Detected as methylation product 2,4-dithiopentane 
g Detected as methylation product 2,5-dithiohexane 
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Table A4: Contaminant loads (g/d) in effluents (outflow) from chemical manufacturing plants 
Industry A Industry B  Industry C Industry D 
Compound 
27.12.2007 19.07.2007 02.08.2007 15.08.2007 B1 B3 B4 C1 C2 D1 D2 
Halogenated compounds            
2-(Chloromethyl)-1,3-dioxolane        11    
1,2,3,4-Tetrachlorobutane 1.8           
Dichlorobenzene 100 73 6.5 19        
Dichloroveratrol   0.4           
Trichlorobezoic acids 6.4  8.2 6.0        
Dichloroaniline 34 37 3.5 1.6        
Trichloroaniline 5.7  1.7         
3'-(Trifluoromethyl)acetophenone 2.7 39 21 5.5        
3,4-Dichloromethylthiobenzene  4.1           
Nitrogen-containing compounds            
Tetramethylbutanedinitrile 3.9 5.4 11 6.5        
3,3-Diphenyl-2-propenenitrile 1.4 2.8 3.8         
4-Nitrosomorpholine     0.1       
N-Formylmorpholine     0.1       
N-Acetylmorpholine     0.01       
Tributylamine      8.6      
Tris(2-ethylhexyl)amine      0.4      
Trioctylamine      1.2      
N,N-Dibutyldecanamime      0.1      
N,N-Dibenzylamine          100  
N-Benzylidenebenzylamine          10  
Sulfur-containing compounds            
Methanedithiol 7600 9600 9300 16000       1600 
1,2-Ethanedithiol  6400 10000 10000 13000        
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Table A4 (continued): Contaminant loads (g/d) in effluents (outflow) from chemical manufacturing plants 
Industry A Industry B  Industry C Industry D 
Compound 
27.12.2007 19.07.2007 02.08.2007 15.08.2007 B1 B3 B4 C1 C2 D1 D2 
2-(Methylthio)acetate/ Mercaptoacetate 180 300 610 350        
Phosphorus-containing compounds            
TCPP 9.7 180 7.5 3.7        
TEP 73 18 3.3 3.2     3.1   
TiBP          13  
DBMP 23 17 1.4 84        
Oxygen-containing compounds            
TXIB     0.1   7.7   0.6 
2,4,8,10-Teraoxaspiro-5,5-undecane     0.1  0.1     
Trans-9-decalol       9.8     
Cis-9-decalol       1.7     
Trans-2-decalone       3.2     
Cis-2-decalone       6.3     
4,4a,5,6,7,8-Hexahydro-2(3H)-
naphthalenone  
      1.4     
C2-Acetophenones        1.8     
C3-Acetophenone       1.6     
Irgacure 184     0.2     27  
Benzoic acid 1.9 1.3 4   390 0.2     
C1-Benzoic acid      21     0.3 
C2-Benzoic acids         76   
C3-Benzoic acids         400   
4-tert-Butyl-benzoic acid 1.3 0.6 2.6  0.1       
Phenylacetic acid      87      
Hydroxybenzoic acid, octyl ester      28      
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Table A4 (continued): Contaminant loads (g/d) in effluents (outflow) from chemical manufacturing plants 
Industry A Industry B  Industry C Industry D 
Compound 
27.12.2007 19.07.2007 02.08.2007 15.08.2007 B1 B3 B4 C1 C2 D1 D2 
Aliphatic and aromatic compounds            
C3-Benzenes       5.4 6.6    
C4-Benzenes       8.5 23     
C5-Benzenes        4.2     
DiPN     0.02       
Other compounds            
Trans-decalin      3.9 4.3     
Cis-decalin      3.1 2.7     
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Table A5: Loads (g/d) of the organic contaminants identified by non-target screening in wastewater of industrial site A 
Chlor-alkali electrolysis Leachate water Inflow 
Compound 
27.06.2007 19.07.2007 15.08.2007 27.06.2007 19.07.2007 02.08.2007 15.08.2007 27.06.2007 19.07.2007 02.08.2007 15.08.2007 
Halogenated compo  unds            
Bromoform 0.2 0.04          
1,2,3,4-Tetrachlorobutane        19 0.5  0.6 
Chlorobicyclo[3.2.1]oct-2-enes    13 17 10.0 12     
Dichlorobenzene     0.2  0.2 1000 100 130 153 
Chlorophenol        36    
Dichlorophenol      0.3 0.2 125  16 4.5 
Dichlorover  atrol            
Trichlorobezoic acids  1.8 0.6 0.7 0.5 1.0  0.03 67    
Dichloroaniline    0.9 0.3  0.2 910 43 78 33 
Trichloroaniline        35  1.1 4.4 
Chlorofluoroanilineb    0.7    420    
Bromofluoroaniline        83   1.6 
4-Bromo-2,6-dichloroaniline        6.2    
2-Bromo-6-chloro-4-fluoroaniline        22    
Chloroquinolinol        1100    
Chloroindole        66    
5-Fluoroindole        86   120 
Chlorothieno[2,3-c]pyridine        32    
2,3,5,6-tetrafluorophenol 0.1  0.1         
3'-(Trifluoromethyl)acetophenone 0.01       15 11 330 14 
Dichloromethylthiobenzene        37    
Dichlorothiophenol        29    
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Table A5 (continued): Loads (g/d) of the organic contaminants identified by non-target screening in wastewater of industrial site A 
Chlor-alkali electrolysis Leachate water Inflow 
Compound 
27.06.2007 19.07.2007 15.08.2007 27.06.2007 19.07.2007 02.08.2007 15.08.2007 27.06.2007 19.07.2007 02.08.2007 15.08.2007 
N-containing compo  unds            
3,3-Diphenyl-2-propenenitrile        5.2 170   
N-Formylmorpholine 0.1 0.03 0.5         
Sulfur-containing compounds            
Dimercaptomethane 54  68     3700 7200 9300 4200 
1,2-Dimercaptoethane 77  39     2000 18000 5900 4400 
2-(Methylthio)acetate / 
Mercaptoacetate 
2.8  4.5  2.2   430 920 87 520 
P-contai  ning
TBP
MP 560
EHP 71
unds
IPN 2.7
           
TCPP 0.04        0.1 0.1 0.7 240 37 4.5 
TEP   0.01      5.5 0.3 470 
        40 42 82 5.6 
DB              
HD             
Oxygen-containing compounds            
Bisphenol A    5600 14000 4100 9300     
TxiB 0.03 0.01 0.05         
Benzoic acid 1.8  21 45 8.0 0.1 21 130 7.9 48 100 
Phenylacetic acid   0.02 53 43 0.5 27 29 210 7.8 27 
4-tert-Butylbenzoic acid   5.8 18 100 3.9 5.8 1.7 3.3 0.2  
Polyaromatic compo             
D             
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